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EXPLANATION OF THE PLATES. 



PLATE I. 

Figure l.<— A gplafls measure g^raduated into certain capacities, 
either by weight or bulk, to a standard fluid. 

Ncie, The weights and measures required by the chemist are 
few and simple, but they should be accurate, and their relative 
▼alues well defined. See Table of WeighU and Measures^ 
p. 297. 

Pig. 2, — The balance, a pair of 8cale»— «n instrument sufficiently 
known serves to ascertain the equality of the absolute or difference 
pf weight of bodies. 

Note. The beam of a good balance should remain in equilibrio 
without the scales, and when the scales are changed, and should 
be very sensibly affected with a small portion of additional weight 
when loaded. They should hang in a dry place, and in a good 
light. The most delicate scales should be kept in glass cases, and 
should not be taken out without occasion. ^ 

FHg. 3. — ^Mortar and pestle. (A small glass mortar.) 

Noie. Pounding is one of the most common operations of the 
laboratory ; the diemist, therefore, must be provided with mortars 
of different kinds— glass, wood, iron, marble, siliceous stones, and 
porcelain. 

Fig. 4. — Retort. Retorts are made f<Mr various processes^ in the 
arts^'of different metals; but those in common use are chiefly of 
glass and earthen^ ware. They are either plain or tubulated. The 
plain have no other opening beside that at the end of the tube. 
The tubulated have an opening at the curved part, supplied with a 
stopper for the convenience of chargiog them. 

Note. Glass retorts require some management and care to pre- 
vent them from breaking : if any solid substance be put into a 
retort, which adheres to the bottom of it when over a lamp, it is 
almost sure to break ; if a retort be laid down while hot upon a 
substance capidile of conducting away the heat from it rather sud- 
denly, it is almost certain of breaking ; but it may be laid down 
with safety on a piece of woollen doth, or on dry glass. 

Fig. 5.— Receivor. Receivers are of various kinds and constrno- 
iioDs. As air jars^ in' the pneumatic trough, for collecting, trans> 
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XViU EXPLANATION OF THE PLATES. 

Herrrngf and preaenriiig gases. Bell glasses (Fig. 14), and balloons 
are used for the same purposes. 

Fig. 6.^A MatrasB is a glass yessel, used for making solntioos. 
It is generally of a epherical form, flattened slightly at Mtom, and 
resembles the BolUhead. (See^. 12.) 

Fig. 7. — Cucurbit. A wide^nouthed flask of the figure of « goord, 
used for various chemical purposes. It is also called a body. 

Fig*. 8 and 9.— ^irit lamps. For chemical experiments upon a 
small scale, these are by far the most cfrnvenient bunpe^ as the 
flame of spirit of wine does not blacken, or in any degree soil the 
yessel to which it is applied. The degree of heat may also be 
regulated by raising the wick higher up, or by drawning it lower 
down. 

Nate, Any short, small glass boltle, may be made to ahswer for a 
i^irit lamp, but the shape represented in the plate are those 
generally used ; and in order to prevent waste of the spirit by 
evaporation, the lamp requires to have a glass cap fitted to it by 
grinding, so as to endose-the wick in air-4ight. 

Fig. 10. •^^yphon. — ^An instrument sometimes requisite in the 
laboratory, for drawing fluids out of vessels that do not admit 
of being moted. There are different forms of this in stru me nt . 

Fig. ll.-^The common funnel, which requires no description: 

Note. The chemical laboratory should be provided with funnels 
of glass, brown stooe-ware, porcelain, and tinned iron, of different 
bores and diameters. 

Fig. 12. — ^Bolt-head. A name g^ven to a spherical glass vessel*, 
flattened a little at the bottom, and provided with a long dender 
wick, chiefly used for making solutions, and for processes of sub*- 
limation. See Matrass, fig. 6. 

Fig. 13. — Bladder with stop-cock. 

Note. A large bladder mounted with a stop-cock is very coni 
venient for throwing up soap bubbles filled with hydrogen, or a 
mixture of oxygen and hydrogen goa. (See Experiments with the 
Gases, and other occasiohal purposes.) 

Fig. 14. — ^Bell glass with a stop-cock. Bell glasses of this 
kind are convenient for transferring gases into ex^usted vessels^ 
bladders, &c. 



PLATE II. 

Fig. 1.*-Pepy'8 improved oxygen gaa holder. 

Noie. This convenient apparatus consists of a japanned iron or 
copper vessel ; a is the part whioh contains gm^ and is usually 
made capable of holding from six to eight gallons: 6 is a cistern 
for holding water, having two tubes opei^og in it. These tubes 
supplied with stop-cocks are seen at c and d underneath the 
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dfltern, tbe nfididle one d is contiiraed nearly to the bottom of the 
▼enel 5 the other one e opens into the lower yesset a, but is not 
continued downwards. 

To fill this vessel with water, the aperture is closed with 
its screw, the stop-cocks c, d^ e^ being* all open ; water is poured 
into the cistern above (the funnel and tube which unscrew at 
the bottom of the cistern being removed), and it descends 
through the tubes and stop^cocks c and d, and forces the air 
out at e ; when the g^ holder is nearly full, the stop-cock e mui^ 
be dosed, and what remains of air will find its way out through c, 
imtil the vessel is full ^ the stop-cock must then be closed. 

To fill this vessel with oxygen gas, an iron bottle containing 
black oxide of manganese is put into the fire ; and a communica- 
tion being made between the bottle and the g^ holder by a metallic 
tube, wUch is introduced at the iqperture f, as soon as the iron 
bottle attains the temperature of e, red heat gas comes over, and 
ascending through the water, occupies the upper part 3 the water 
descending and flowing' out at the aperture as the gas.goes in. 

The tube 2^ is of glass, and has a communication at top and 
bottom of the gaa holder, and shews the progress of its filling and 
the quantity of jg9B which it contains at any time. When the 
vessel is sufficiently filled, the aperture/must be closed effectually. 
The gas will then be ready for use. 

If the gas is to be transferred into a bladder, a connecting piece 
must be screwed in at ^ and the bladder, previously furnished 
with a stop-cock, is screwed to the connecting piece ; the cistern 
mast then be filled with water, and the stop-cock d and e opened '; 
the water will descend to the tube dL compress the g^ and cause 
it to issue al e into the bladder ; when the stop-cocks are closed) 
the bladder may be withdrawn. 

To transfer gas into a bottle or jar, the vessel which is to 
receive the gas must be filled with water, and its mouth placed 
downwards, over the hole above the stop-cock c; this stop-cock 
must be opened, and also the stop-cock at cf ; the water wHI then 
descend by the long tube in the centre dy compress the air, and 
cause it to ascend through c in the bottle or Jar, which must be 
held a very little on one side, that the water may be able to 
descend out of the bottle uninterrupted by the close contact of the 
mouth of the bottle and the bottom of the cistern. When the 
bottle is full, and the stop^cocks closed, it may be removed by in- 
trodiidng a cork under water j the bottle may then be turned with 
its month upwards. When a jar which is open at the bottom is 
filled, it may be removed by slipping a hollow dish under the open 
part, below the surfhce of the water; the gas will be prevented 
from escaping by the water in the shallow dish, that rises a littlp 
way above the jar or receiver. 

It will be remembered that, during all the operatiops here de- 
scribed, the funnel and long tube aie^removed by unscrewing it at 
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the bottom of the ckteni; the we of this part of the apparatus la 
now to be described. J^ screwing it on as represented in the 
figure, and also the jet pipe Cy the apparatus is oonyerted into an 
excellent hydraulic blow-pipe, while it is kept full of wat^ to 
the top of the funnel h. When filled with oxygen gas, it is ca* 
pable of producing a very intens^ heat. 

*** This gasholder is chiefly used for oxygen and hydrogen ; 
and occasionally for other gases. 

Fig, 2. — ^A condensing syringe. This consists of a oommon sy- 
ringe, about six inches long, and three-fourths of an inch in the bore. 
At the lower extremity of the piston is a cavity which receives the 
substance intended to be fired. 

Note. A considerable part of the caloric, which exists in gaa 
in a latent state, may be rendered senable by n^>id mechanical 
compression : e. g, Jf air be suddenly compressed in the pall of 
an air-gun, the quantity of caloric liberated by the first stroke of 
the piston, is sufficient to set fire to a piece of tinder called ama- 
dou, A flash of light is also perceptible at the moment of conden- 
.sation. This fact has been applied to the construction of a por- 
table instrument for lighting a candle. 
. Fig. 3.— An evaporating bason. 

Note. Evaporation is used for sqiarating volatile fluids from 
those which are fixed in the same degrees of heat ; and it is fur- 
ther promoted by using-shallow vesBels, and extending the surface 
of the fluid as much as possible. See p. 43. 

Fig. 4. — ^A Filtering stand and bag. This consists of three legs 
supporting an horizontel board, furnished with a hole, for support- 
ing a funnel. 

Note. Filtration is a finer species of sifting. It is sifting 
through the pores of paper, flannel, fine linen, sand, pounded 
^lasB, porous stones, or the like ; but it is used only for separating 
fluids from solids, or such parts as may happen to be mechanically 
suspended in them, or not chemically combined with the fluid»- 
e. g.j salt water cannot be deprived of its salt by this process \ but 
muddy water may be rendered pure and clean by it. 

Fig, 5. — Bottle with recurved tube fitted by grinding. 

Note. This bottle is useful for the production of gases ; they 
are commodious when the evolution of the elastic fluid is not rapid, 
and the quantity demanded only moderately small. Bottles of 
this kind are sometimes tubulated. 

Fig. 6. — Cavendishes apparatus for the composition of water. 
It is composed of a very thick vessel a, with a glass stop-cock 6, 
and a ground glass stopper c, which has two platinum wires d 
passing through it into the inside of the vessel. There is also a 
collar of brass round the neck of the thick glass vessel, with two 
brass rods passing through it, for the purpose of receiving a bar 
of the same metal, the intention of which is to keep down the 
stopper, when gases are exploded in the inside. The barisse- 
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cnr^d upon the end of each rod, and a hnm cap e receiTes the 
lower part of the glass Yessel, which is firmly fixed into it with 
cement : y^is a brass stop cocli, which admits of being' unscrewed 
at the brass cap above or at the brass foot below. For the use of 
.this vessel, see Philoicph. Tram. 

fig, 7. — ^The Pneumatic or Air Pump — ^This is one of the 
most- useful of all philosophical instruments, the actions of which 
depend on the mechanical properties of the air. By the help of 
this niachine the physical properties of air may be demooatrated 
in the moat simple and elegant manner. Its construction is as 
follows:— 

E GisB, square table of wood : A A are two strong barrels or 
tubes of brass, firmly retained in their position by the piece of 
wood 2*Ty which is pressed on them by screws OO, fixed on the 
tops of the brass pillars NX. These barrels communicate with a 
cavity in the lower part or bed of />. At the bottom within each 
barrel is fixed a valve, opening upwards, and in each a piston 
works, having a valve likewise opening upwards. The pistons 
are nioved by a cog-wheel in the fnece TT, turning by the handle 
By and whose teeth catch in the racks of the pistons CC. P is a 
circular brass plate, ground perfectly smooth, having near its 
centre the orifice IT of a concealed pipe^ that communicates with 
the cavity ; in the piece or bed of the pump, /> at F, is a screw 
that closes the orifice of another pipe, for the purpose of admitting 
the external air when required. LM is a glass receiver, out of 
which the air is to be exhausted. It is placed on the brass plate 
P, slightly gpreased to prevent the air from insinuating itself under 
the edge of the glass receiver. 

When the handle B is turned, one of the pistons in the barrel A 
is raised and the other depressed ; a void space is consequently 
left between the raised piston and the lower valve in the corres- 
pondent barrel ; the air contained in the glass receiver LMy com- 
municating with the barrel by the orifice K on the ground brass 
plate, immediately raises the lower valve by its spring, and ex- 
pands into the void space ; and thus a part of the air in the re- 
ceiver is extracted. The huidle then being turned the contrary 
way, raises the other pistons^ and performs the si^e act in its 
correspondent barrel ; while, in the meantime, the first-mentioned 
piston being depressed, the air by its elasticity closes the lower 
. valve, and raising the valve in the piston makes its escape. The 
motion of the handle being reversed, the first barrel aguin ex- 
hausts while the second discharges the air in its turn ; and thus, 
during the time the pump is worked, one barrel exhausts the air 
from the receiver, while the other dischargees it through the valve 
•in its piston. 

Hence it is evident that the vacuum in the receiver of the air- 
pump can never be perfect, — ^that is the air can never be entirely 
exhausted : for it is the spring of the air in the receiver that raises 
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the TilTCy and foroM >iir into the barrel, and the barrd at 
ezhaiution can only take away a oeitain part of the remaining 
air, which ia in proportion to the quantity before the stroke, as 
the capacity of the barrel ia to that of the barrel and reodTer 
added into one sam. Thii% however, is an imperfection addoai. 
If ever, of any conaeqnenoe in practice. 

Figt. 8, 9i — ^Ain Thbrmombtbr fob. LK^uioa. — ^An inalrn. 
nient intended for the porpoee of ascertaining the temperatore of 
liqnida. It oonaists of a bottle n, partly filled with any oolonred 
liquid^ and partly with air, a gjasa tube of mall bore, open at both 
end§^ being either cemented or hermetically sealed in the bottk^ 
so that its lower extremities may nearly touch the bottom of the 
bottle. The expansion of the included air, on the application of 
heat, drives the oolonred liquid op the tube. 

Fig. 10. — Fn BUM ATic Trough or CiSTBRir. (See/gr. 7, ji/. iii.) 
Tlie discovery of gaseous fluids, in modem chemistry, g^ve rise 
to the necessity of some peculiar instruments, by means of which 
those substances may be caught, collected, and properly managed. 

Fig. 11.— Gas Bottle. — ^Wfaen gas is extricated, in conse* 
qnence of chemical action, with the application only of a moderate 
heat, the glass flask or bottle with recurved tube {fieefig. 5, ph ii.) 
is used. All these kind of bottles should be blown very thin at 
bottom, that they may support the heat of a spirit lamp suddenly 
without cracking. In this fig^ure (fig, 2.) the tube, which is 
curved nearly in the form of the letter «, is fitted into the nedc 
by g^rinding. 

Fig. 12.— Cryophorus^— A name given by Dr. Wollaston to 
this instrument. It consists of a glass tube, 9bovX ten or twelve 
inches long, having an internal disuneter of about one-eighth of an 
fiich, terminated at each extremity by a hollow ball, h c, one inch 
in diameter \ one of these balls contains about half an ounce of 
water, and the other is as perfect a vacuum as can possibly be oh* 
tained by the glass-blower in the construction of the instrument. 
If the empty ball b be kept immersed in a mixture of snow and 
muriate of Ihne, or any other freezing mixture, the water in the 
ball e will be frazen in a very short time ; and this effect takes 
place, though the ball c be two or three feet distance from the 
empty ball b. 

Fig. 13.— Detonating Tube. — ^It is frequently an interesting 
object to pass the electric spark through the different kinds of air, 
either alone or mixed tog^ether. In this case a metallic wire ia 
fastened in the upper end of a thick glass tube hermetically sealed 
at one end, the sides of which, at about the distance of two inches 
from the sealed end, are perforated with small holes, in which wires 
are fixed by cement, the extremities of which, within the tube, 
are distant one quarter of an inch. It is made wider at the bottom 
to stand more steady. This instrument being filled with water 
or quicksilver, and inverted, a quantity of the gases intended to 
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be submitted to the electric spark is introdoced so as to depress 
the flaid one inch or more beneath the wires^. The electric spark 
is made to pass from the one vfire to the other, by connecting one 
of them with the conductor of the common electrical machine, and 
Jianging a chain on the other. 

Nate. A tube of this kind, when g^duated into equal part!^ 
forms Volta^s Eudiometer. 

' Figs. 14, 15, 16, 17. — CRUCIBLES.^-Vessels for the purpose of 
.exposing solid substances to intense heat for the purpose of fusing 
them, or to favour their mutual chemical action. They are usually of 
the form of a short truncated inverted cone^ some are triangular. 

Nate, A crucible ingot to support the strongest heat without 
melting, as well as resist the attacks of all agents exposed to heat 
,in it. The Hessian crucibles are composed of clay and sand. 
Wedgrewood's, of porcelain clay, are the best for experiments in 
the small way. There are also silver, platina, and iron crucicibles, 
and for various purposes, in proportion to the action of the sub- 
stance, or the heat they are required to resist. 



PLATE III. 

Fig. 1.— ^uh-Barrel Apparatus. — A name given to a gun- 
iMurrel when ccMubined with a furnace. The one in tiiis instance 
is intended for a fluid or gas to pass through an ignited g^un-t>arrel ; 
for instance, suppose it is wishcMl to pass carbonic acid through the 
tube— make a gun-barrel b pass through a furnace, taking care 
to incline it at the narrowest part ; adjust to one of its extremities 
a bent tube, and let the other extremity of the barrel terminate in 
a tube c, combined with a tube of safety. Introduce one extre- 
mity of the tube, as shewn in the design, imder a bell in the 
pneumatic basin. When the apparatus is thus disposed and well 
luted, bring the g^-barrel to a red heat, and when thoroughly red- 
hot, pour diluted muriatic acid into the hydrostatic funnel, fixed 
into the two^ecked bottle, drop by drop, to diseng^e the carbonic 
acid from marble or chalk put into the two-necked bottle for that 
purpose. 

Fig. 2,—- Metallic Still.— This is the m^t usual form of a 

.metallic still; thie body or boiler of the still a, and the head or 

capital 6, are made of copper j the worm tub c is of woody and the 

worm d of any convenient metal. The liquid which' is to be con- 

Terted into vapour is put into a, and made to l)oil by the applica- 

lioiiof heat; before the capital b becomes hot, a portion of the 

Tapomr will be condensed by the cold of its sides^^hut it is soon 

t9p much heated to condense the vapour ; it then fsasses over into 

^ the refrigeratory or worm d^ which is cooled by a quantity of 

' eold water in the tubes this water receiving the heat which is set 
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Pig, 7.— PnuMATic TteuoH om dsTnur^^Wheii this ap- 
paniiui k med (Me alio Jig. 10. pi. II.) the trougli or tomI, 
(wooden or meCaluc) to to be filed wHh water to aacb an heigbt 
•a to rtoe about one inch abov« the upper amrftce of the shelf; 
a to a giaai Jar InTerted with its mouth downwards, which rests 
■pen the shelf. If thto or any other vessels open only at one end, 
be planflcd under water, and are toverted after they are tilled, 
they wiu remain fhll, notwithstanding their being raised out of 
the water, proTided their months be kept immersed; for in tfato 
oase the water to sustained t>y tbe pres suix of the atmosphere in 
the same manner as the mercury in tbe barometer. 

*#* Tike me ofdundcal tiqjpar aiu t of etery degenptUm it 9nlg 
l»6e nsfteUnHlif wikderHoodhjf heepktg tkam $ub§i4mHmOpf tmd <a 
actmUpmchegf ikimgh Ike idiot htrtomnceifedof them, fly ofcvro^ 
dntfffingt and Uhuiraiions, wiO prepare fAe eiudentfiran earlp 
timdtorrecinMeriai acquaintance with tkem* 
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The multifliHom and rapid itnproTemeHtt ifi 
the krtd and tnantifactures, by the judicious 
application of the principles of Chemicitry, hfilve 
iinquestiotittbly tendered n knowledge of this 
science indispendable to alffiost erery cla^ of 
society. So well satisfied, indeed, are the better 
informed people of every country, at the present 
day, of its general utility and importance, that 
it has now become an essential constituent of a 
liberal education : nor ought this to excite our 
surprise, when it is considered that the science 
of chemistty has for objects every substance of 
the material world. Hence the benefits to be 
derived from it are sufficiently obvious to requite 
much illustration ; whilst the many disadvantages 
under which those must labour who are unac^ 
quainted with chemistry, are incalculable. 

The medical practitioner, if he be not a 
chemist, will have not only to depend upon the 
knowledge of others, but he wifU have to endure 
the mortifying degradation of being compelled 
to submit to many ptiinful tod petplexing disk 
appointments, as well as to witness many tm« 

b2 
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ejp^fited r^milts from the effects of medicine, io 
the administration of two or more powerful 
remedies in conjunction, without being able to 
comprehend . them ; but with a knowledge 
simply of the ^' First Lines of Chemistry/' he 
would have understood that many of the formulas 
of the Pharmacopoeia, which are salutary and 
efficacious, may be rendered both inert and 
d^ructive, if mixed with incompatible sub- 
stancesy The study, therefore, of the chemical 
affinities, wlvich siub^ist among the yario.us articles, 
of which the Materia Medica is composed^ is 
too vitally important to be dispensed with by. 
the medical student. . It b by this mea,ns we 
ara more readily acquainted with the eSecb 
which certain causes chemically produce in ^e 
suiimal eaoQQmy-^ laboratory in which the 
▼ariisd foactioas. of secretion, . absorption, san- . 
gujificatioii, oompopit^pn, decomposition, &c., are 
Qiw4ilH]fltlly in operation; and where the nature 
of jsvery inspiration we make, and every pulsa- 
tioa that .tfikeB pl^e within us, requires. the 
a«9it9Di8ssv ,Q!f a, profound chemist to, perceive i^nd 
compmehe^d*. , And . without a sufficient know? 
ledge of chemistcy^ how would it.be pQssi];4e for 
the pbysi<^ia^ to. understand the nature of the 
animals yegetable, mineral and aorial poisons, — 
many of wiuch, < :even in the present sta,te pf 
ohemeaL knawlendge, are but imperfectly kppwn 
tp.t^te.most ^udite professors f 
' But il is not to the medical profession alone 
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that Chemistry is subservient*— it belong to the 
arts generally* And as regards the manufac- 
tures, there is scdroelj one of any consequence 
that does not, in some measure or other, depend 
upoil chemistry for its perfection, establishment, 
and success. 

To the agriculturist. Chemistry is of the first 
consideration ; and, although it is not to be ex« 
pected that every husbandman should be a pro- 
found chemist, we may venture to say that every 
^endeman who wishes to improve his estate, and 
to advance the art of agriculture, ought to be 
#ell versed, at least, in the principles of philo- 
sophical chemistry, without which he can neither 
conduct experiments properly, nor explain satis- 
factorily the several phenomena resulting from 
them. 

The uses to which chemistry may be applied 
in agriculture are acknowledged to be import- 
ant and extensive^ but our present limits will 
only permit us briefly to mention a few of them. 

To the science of Chemistry it belongs to dis- 
tinguish the various kinds of earth that may be 
rendered more prosperous and productive, aea* 
cording to their natures and proportions ^^-^-^w^ 
determine which of them is the fittest for parti*- 
cular purposes ; to ascertain the different qua*- 
lities of the various sorts of manure, and to point 
out proper methods of appljring them $ tO' diia* 
eover the best method of improvi|ig a bart»en 
Ml; to effect, by a suitable mixture of earths, 
what is not to h^ aceomplisjh^ by manual labou)r 
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alone* It abo appertnins to Chemistry to suggest 
suitable meaiis for preserving grain from smut,, 
blightst or itiildews ^ also for destroying or Aawm 
ing away insects, reptiles, and other nozioas 
vermin, which usually prey on fruits^ seeds, or 
vegetables. To be brief: when the products of 
agriculture are even obtained, the aid of che- 
mistry is still essentially necessary towards their 
preservation, and the means of fitting them for 
the various purposes to which they are destined. 

Grain and farinaceous vegetaUes are conver- 
tible into flour, bread, starch, malt, &c. In 
proportion to the saccharine matter contained in 
them, they become subjects of the vinous and 
acetous fermentation ; and hence, the operations 
of baking, brewing, the making of wine, cider, 
vinegar, &c., are so many chemical processes, 
which,' for the want of the requisite stock of 
knowledge, in many cases will either fail alto- 
gether, or are carried on with comparatively 
little advantage. 

The preparations of flax and hemp for sundry 
uses, and the operation of bleaching and whi^en- 
'tng linen ; also of preserving wood from putre- 
faction, and : preparing other vegetable produc- 
tions for various economical purposes, depend 
all upon chemical principles. 

The productions of the animal kingdom afford 
a variety of raw materials which enrich the 
farmer, and which, by suitable managem^ent, 
constitute no inconsiderable share of the na* 
tional wealths . For instance,— -meat, eggs, milk, 
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butter, cheese, honej, wax, tallow, hides, &c.; all 
these, by chemical aid, may .be preserved in a 
sound state for a considerable length of time; or 
be even sometimes restored, in a ^eat measure, 
after corruption has begun to take place. They 
-may be also further improved, and converted to 
a variety of economical uses to the highest ad- 
'Vantage, if their chemical properties be properly 
understood. 

In iron, one of our staple commodities, it will 
-be observed, that from the smelting of the ore to 
its conversion into steel, every operation is the 
effect of chemical affinity ; a knowledge of which 
cannotbe too sedulously studied. Indeed, in a 
scientific point of view, it requires no small share 
of chemical knowledge to s^reciatethe value 
of the different ores; and to construct such ap- 
paratus for their reduction as may be best 
adapted to facilitate their fusion, and for the 
production of good pigs. The processes which 
follow, in order to convert the metal into malle- 
able^ iron, are wholly dependent on chemical 
principles, and will be conducted to the best 
advantage only by those who have acquired a 
knowledge of the chemical changes !' which are 
effected by these operations. The manufacturers 
*of oast iron utensils, called iron founders, are 
also indebted to chemistry for much valuable in- 
formation. It' teaches them how to mix: the dif- 
ferent kinds of metak«-4o apportion carbonace- 
ous and calcareous earth, and to reduce the old 
•inetal which they receive in exchange. 
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The manu&oturers of wooUen, cotton^ and 
calico, also cotton printing and dyeing, of so great 
importance both at home and abroad, are much 
indebted to chemistrj; because, in order to pre* 
serve these sources of national irealth, the utmost 
attention must be paid to the beauty, varietj, 
and durability of the texture and colours; in the 
management of which every process is chemical, 
and not a colour can be imparted but in conse* 
qiience of the affinity which subsists between the 
cloth and the dye, or the dye and the mordant 
which is employed as a bond of union between 
them. 

Bleaching, so intimately connected with calico 
printing, has received such decided improvement 
from chemistry, that no man is now capable of 
conducting it to the best advantage without a 
proper knowledge of the principles on which the 
present practice of the art is established* 

The manufacturers of earthenware and per* 
celain, so much improved and extended by the 
industrious Wedgewood, and which affords em- 
ployment to thousands, are all dependent on 
chemistry for their successful management. 

The manufacture of glass is also entirely per- 
formed by Chemistry, consisting in the fusion of 
siliceous earth with alkali-and the oxides of lead. 

Tanning of hides, a process formerly carried 
on by persons who merely following a set of 
prescribed operations to which they had been 
accustomed, without knowing the real Cause of 
any of the changes produced^ is now, however, 
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well ascertained to consist in in^regnating* the 
animal matter with that p0culiar vegetable prin- 
ciple called laii(or <a]iYit9i),[the effect of which may 
altogether be explained on chemical principles. 

The manufacturers of Morocco leather ^ an 
article. comparatively new in the productions of 
this^ country, have the utmost reason to regret 
the want of chemical knowledge; for, until 
within these twenty or thirty years, the consumers 
of Morocco depended entirely on foreign supply ; 
many fruitless attempts having been made to 
prepare an adequate article of the same kind 
in this country* 

The manufacture of soap and candles would 
save many thousands annually, were these trades 
carried on more scientifically. Make a soap« 
boiler a good chemist, and you teach him how 
to analyze barilla, kelp, potass, ^c, so as to 
ascertain the proportion of alkali in each; the 
billy sure guide to purchasing with advantage 
and profit^ which with the common manufactures 
is mere chance. And foreign tallows, which 
frequently contain a large portion of.sebaccic 
acid, rendering them inferior to the English, 
may be purified, at the most trifling expence, by 
chemical means; and by the proper application 
6f chemical agents, other brown tallows may be 
rendered beautifully white, and fit for the best 
purposes. 

Brewing is altogether a chemical process^ 
The distiller and the sugar-baker also will 
receive benefit from a knowledge of chemistry. 
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The refining of gold and silTer, id in like manner 
attributable to the play of chemical affinities. 
In shorty the various operations of nature, and 
the changes which take place in the severttl sub^ 
stances around, are so much the better under- 
stood by> attention to the laws of chemistrji that 
in everj walk of life the chemist will ever have a 
manifest advantage over his illiterate neigh* 
bour. 

Knowledge, says the illustrious Verulam, is 
incomplefte, and scarcely deserves the name,un-i 
less it enables us io explain its several pheno- 
mena. Is it not then surprising, considering the. 
rapid progress which chemical science has been 
making for some years past, that it was not till 
very lately that its professors pointed out its ap- 
plication to the improvement of agriculture and 
rural economy, as well as to the philosophical 
commerce of the arts. 

The ancient chemists were fond of inventing 
abstruse terms, and frequent in the use of them i 
at present, however, this is pretty generally and 
very justly exploded. The chemistry of the pre^ 
sent enlightened period, is indebted for its no- 
menclature to Lavoisier, BerthoUet,6ayton-Mor« 
veau and Fourcroy ; and the pf inciples which 
guided them in its construction, are extremely 
simple and ingenious^ The known elementary 
substances, and the more familiar compound 
ones, were allowed to retain the appellations 
which general usage had assigned to them. 
The newly discovered elements were named 
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from som» jBtriking pvopevfy. For exam{dey^it 
was supposed that acidity was oming to the pre* 
«ence of the vit^tl air discovered bj Priestley and 
Scheele ; they <gaye it the name of oxygen, de« 
n%0d from tivo Greek words, signifjring generator 
of acid 3 and they called iaflammaUe air hydro* 
gen, from the circumstance of its entering into 
die composition of water. 

The advantage of a nomenclature which ar- 
ranges the different parts of a science in so syste- 
matic s^ manner, and which gives such powerful 
assistaou^e to the memory, is incalculahle ; in- 
decKly it .is almost needless here to repeat, or in 
the present state of knowledge, to urge the ne- 
cessity of a method ; in all studies, it is the very 
soul of science ; and all attempts toward the ac- 
quisition of knowledge, without it, must end in 
uncertainty and confusion. 

From the preceding observations, it neces- 
sarily appears, that both in public and private 
manufactories, and various articles of rural 
economy, a multitude of operations are con- 
tinually going on, which undoubtedly depend 
on chemical principles. It seems evident, that 
no material change can be wrought in bodies, 
but either by separating something from them 
or combining something with them : but it is by 
chemical attraction, that both separation and 
combination are performed ; consequently it is 
from an accurate knowledge of chemical laws, 
that the clearest lights, and ablest assistances, are 
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to be obtained. la^e, chemical research con* 
ducts io the knowledge of philosophical iruth^ 
and forms the mind to phitosc^ical enlarge* 
meat and accuracy of thought, more happily 
Aan any other species of investigation in which 
the human intellect can be employed. 
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CHAPTER L 

MATERIAL SUBSTANCES. 

Question. With what properties are material 
substances endowed ? 

Answer. Material substances are endowed 
with two kinds of properties — namely, physical 
and chemical ; and the study of the phenomena 
resulting from these properties has ^iven rise to 
two corresponding branches of knomedge. 
Q« What are these branches of knowledge ¥ 
./?• Natural philosophy and chemistry, 
Q. Describe the pnysical properties of ma- 
terial substances? 

•4. The physical properties of material sub- 
stances are either general or secondary. The 
first, or general, are so called because they are 
common to all bodies ; the latter, or secondary 
properties, are thus named from being observa- 
Die in some bodies only. Among the first are com- 
monly ranked extension, impenetrability, mobility^ 
extreme divisibility, gravitation, and porosity, 

B 
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Q. How are extension and impenetrabilitj 
defined f 

•4. Extension is the property of occup}fing a 
certain portion of space : e. </., a substance is said 
to be extended when it possesses length, breadth, 
and thickness. By impenetrability is meant that 
no two portions of matter can occupy the same 
spaee at the same moment of time. 

03«.— Every thing that poBiesses exteniion and impene- 
trability is matter* #hich^ thougk smceptible of motion, has 
no power cither to move itKlf, or arrest its progress when an 
impulse is once communicated to it.* Matter is divisible to 
an extreme degree of minuteness. A grain of gold may be 
beaten out into so fine a leaf as to cover fifty square inches of 
surface, and contain tiro millions of visible points; and yet the 
gold which covers the silver wire, used in making gold laoe* 
is spread over a. sttrftice twdvies times as great — Nicholton'i 
Jntro4uttion to Nat. Philos. 

Q. What is meant by gravity, or the gravi* 
tation of bodies? 

. A* Gravity, or gravitation, is that power which 
causes all bodies to. descend in straight .lines 
towards the. centre of the earth, when left at 
liberty, at a distance from its surface. .This 
power is also called the attraction of gravitation, 
or terrestrial attraction ; and the force required 
to s,eparate a body from the surface of the. earth, 
o^ prevent it from descending towards it, is called 
its weight. 

0^5.— Every particle of matter is equally affected by 
gravity } the weight, therefore, of. any body will be propor* 
tional to the number of ponderable particleswhich it contains. 

. -«; This indifference to rest or motion has been expressed by the ttrai 
vU mertuBf as if it depended on some specific ibrce refident m mst^r s 
bat it may with greater propriety be regarded as a negative .character, 
who^eby tnatter is entirely given up -to the operation of the yariout 
forces oODftantly acting ppoD it • 
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Q. Whsii do you mean hj porosity f 
A. Tbenimtit^ particles or which ^bodies oon* 
5«5t| are disposed <in such attanner-as to leave 
certain intervals or spaces between them ;^ and 
this is called j9or0«j|y; 

06s. — ^These intenticei caa sometimes be seen by the 
naked eye, and frequently by the aid of glasses; but sap- 
posing they were-irhoUy invisibie, it would still be certain*that 
they exist. All substances, eveii the most compact^ may be 
diminished in bulk, either by medianioal fomei or by redueing 
its temperafture. Hence it follows, that their particles must 
touch each other only, if at all, at a very few points ; for if 
their contact was^so perfect as to leave no • interstitial spaces, 
th0n would it be imp6s8ible to diminish' the dimensions of a 
body, because matter wottld be incompressible, and could not 



Q. What are the secondary properties of 
matter f 

A. Tlie secondary properties of matter are 
opacity, transparency, sonness, hardness, 'elas- 
ticity, colour, density, solidity, fluidity, &c. 

0^«.— •The condition of bodies, as regards several of 
these secondary properties, seems dependant on the opera* 
tion of two opposite forces, cohesion and repulsion. To un* 
derstand how the particles of a body can attach themselves to 
one another and form a whole, they must be supposed to pos- 
sess a power of reciprocal attraction. This force is called 
cohesion, cohesive attraction, or the attraction of aggregation. 

Q, What is the difference between gravity 
and cohesion ? 

A. Gravity is exerted between different masses 
of matter, and acts at sensible and frequently at 
very great distances; while cohesion exerts its 
influence only at insensible and infinitely small 
distances. It enables similar molecules to cohere. 

B 2 
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and tends to keep them in that conditien. 
This is best exempliued bj the resistance which 
a hard body, as iron or marble, affords to bein^ 
broken by anj external force. 

Q. Is matter subject to anj other kind of at* 
traction i 

A. Yes ; to one, different from those jet men- 
tioned, termed chemical attraction or affinity; 
which, like cohesion, acts only at insensible dis- 
tances, and thus differs entirely from ^avity. 

Q» How is chemical attraction distinguished 
from cohesion % 

A. Chemical attraction is distinguished from 
cohesion by being exerted between dissimilar 
particles omy, whUe the attraction of cohesion 
unites similar particles : 

£f.--*A piece of qiafUe is an aggregate of smaller por- 
tions of marble attacbed to one another by cohesion, and the 
parts thus attached are called integrant particles; each of which, 
however minute, is as perfect marble as the mast itself. But 
the integiant particles consist of two substances, lime and car- 
bonic acid, which are different from one another, as well as 
from marble, and are united by chemical attraction. They are 
the component or constituent parts of marble. The integrant 
particles of a body, therefore, are aggregated by cohesion ; 
the component parts are united by afiinity. 
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CHAPTER IL 



CHEMISTRY. 



Q. How is Chemistry defined f 
V «^. Chemistry is that science, bj which we are 
«iabled to detect the peculiar properties of all 
na;tural bodies, whetiier in a simple or compound 
state. 

Odi, — ^The following definitions of Chemistry have been 
given by some of the best wnters : 

** Chemistry is a science, by which we beoome acquainted 
with the intimate and reciprocal actioa of all the bodies in na- 
ture upon each other." — Feurcroy. 

** Chemistry is the study of the edicts of heat aad- mixtoie^ 
with a view of discovering their general and subordinate laws, 
and of improving the useful arts."— ^r. Black's Led. vol. i. 
p. 12. 

• ** Chemistry is that science which treats of those events or 
changes in natural bodies which are not accompanied by senr 
tible motions."— Dr. Thompsim. ' 

Q. How are the properties of bodies chemi- 
cally examined % 

A. The chemical examination of bodies is« 
usually effected by producing a change in the 
nature or state of the body to oe examined. , 

Exp. — ^If a little powdered clialk (carbonate of lime) be 
put into a glass of water, the chalk will sink to the bottom 
of the vessel. No ohcmioal motion has hitherto taken place* 
the water and the chalk, therefore, remain unaltered. But if a 
few drops of diluted sulphuric acid be added to the mixture, a 
violent effervescence will take place. A chemical union of the 

B 3 
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two tttbstanoes will be the remit} the identity of each aubitaaoe 
will be destroyed; and a sulphate of lime, a body entirely differ* 
ent from any of those employed, will be produced. 

Q. How is a chang^e effected in the qualities 
or states of natural bodies f 

•4. By means of heat, which has a tendency to 
separate the particles of all bodies from each 
otner ; or, by the mixture of some other matter 
with that intended to be chan^d* 

ETp.^^VtAp for mstanoe, a small piece of solid camphor into 
a pbial half filled wifli diluted alcohol ; in ashort timethecam^ 
phor will be dissolyed, and the ^ririt will be ai transparentai 
at fint If water be now added, it will combine with the aidenl 
spirit, and the camphor will be precipitated. The lolotioQ of 
the camphor in the alcohol is owing to the affinity which exists 
between these two bodies and their disaolution by the addition 
of water ii the eonsequanoe of the greater affinity of the water 
for the alcohol than for the camphor. In -this manner, the 
CABipfaor,&fiier itft solution with the alcohol, may be nearly all 
leooTcred as at fiiat; and by distillation^ the alcohol may b^ 
aepamted from the water, qnd oJiibited in a separate state, 

Q. In what manner does the application of 
heat and mixture enable us to examine the pro- 
perties of bodies f 

A. By heat and mixture the decomposition of 
a cmnpound body is effected. 

03#.— This is also termed analysis, whidi k dlttingoitfU 
ed into the simple and the complicated. The- fifst isefibcted 
whenever a body is so deeottpoeed as to enaUe m to eixhihill 
its elementft or oompouent parts 'in a separate state, -and- to( 
repxoduce that body by the re-union of these elements. The 
second, or complicated analysis, occurs where the elements of a. 
body form new oompounds during ita decomposition, and. 
whidi cannot be reunited to reproduce a similar substance to- 
that which has been thus operated upon. 

Q. Are there any other meaos resorted to fo^ 
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the puipme •oP^a^rtaining the ex*ct nature* of 
bodies f 

A. Yes. In order to ascertain the* exact na^ 
ture of bodies»'ch6raistt$rbav«i'«ftQQ recoilrse^o 
synthesis as well as analysis. 

Obs. — ^Whenever the component parts of any body are re- 
united in order to form a similar substance, and -a similar sub^ 
sta;noe is a^ually pMueed» the natispe oftliat body is said 
to btt'proved hf cyntliesis. Wb^n >i body admits of bein^^ 
proved both by synthesis and analysis^ the result is as salate* 
tory as cao be de^itfed* 

Q. Eamlatn the meaning of chemical decom- 
position f 

A, C hemical decomposition, is the act .of divid- 
ing a body into its simple elements: e, ^r., water 
may be decomposed, and reduced into oxyg^en: 
and hydrog^eny which a^re simple substanees, in- 
capable oifurther decomposition. 

Exp, — Take Epsom salt (sulphate of magnesia), dissolve it 
in boiliug water, and pour into this 'mixture a little of a 
solution of carbonate of soda — ^the soda will throw down a 
white powder, which, on examination, will be found to be 
carbonate of magnesia. When settled, decant the supema- 
tant liquor, evaporate ittiH a pellicle rises on its surfooe, and set 
it aside to crystallize. When cold, crystals of sulphate of soda, 
(Glauber's sah) will be found in the vessel. In this process. 
Oft decomposition, the sulphuric acid of the Epsom salt com^ 
bines with the soda to form sulphate of soda, and the carbonie 
acid of the soda combines with the magnesia to form carbonate 
of magnesia. In this manner Epsom salt may be analysed, and 
shown- to conaisl.of. sulphuric acid and maguf^a. . And by 
tjffitAesis^ in order to prove the composition- of Bpsom salty 
dissolve magnesia in diluted sulphuric acid, saturate the liquor 
and) cbryistalliac^^Epsom anJJt wUl be the rwult:. . 

O^f.'— Chemists, it may be added, have not only the 
power of decomposing natural bodies, biit.of producing, . bj; 
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Certain combteatioii8» Tarious other iiobitanice«, mch as are 
not found in the kingdom of nature. Alcohol and ether are 
both of this cbas. 

Q. What are the diflPerent states e( nataraF 
bodies ? 

A. All natural bodies are either solid, liquid, 
or aeriform. 

1. Soliditjr consists in that quality of bodies 
whereb]^ their parts firmlj cohere^ so as to resist 
ioapresMon. 




not 

pression, 

^Ives. 

, 3. triform bodies are those in the state of air^ 

gas, or vapour. 

06s,^^1l\» difierence in these bodies is nothing more than 
that solids are conveited into liquids by heat, a certain increasa 
of which would convert the liquids into vapour. Liquids are 
also called fluids: e. g^p the air is called a fluid, because it 
flows as a fluid, because like a fluid it presses in every direc- 
tion, and because light substances will float or swim in it : for 
according to an established law of nature, all substances will 
swim in fluids, if such substances be specifically lighter thaa 
the fluid they swim in. For instance,^ a piece of cork swims 
upon water, whilst a stone sinks in it— that is, the first swims 
because it is lighter, and the other sinks, because it is heavier 
than water -, not that the stone is heavier than the whole of the 
water in the vessel, for, if it were heavier than a portion of 
water of its own bulk,* it must sink, though all stones are not 

• It is an axiom in hydrostatics, that every substance which swimr 
on water displaces so inuch of that water a» is exactly e9iial to its 
own weight; whereas,, when a substance sinks in water, it displaces 
water equal to its bulk. 

£m.— Take a piece of hard wood, balance it accurately la a pair 
of scales with water, and then place it gently on the sur&ce of water 
in a vessel exactly filled with that fluid, and it will dispUce a portion 
of the water, which wiU flow over the top of the vttsel. If the wood 
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heavier tban water, for these natural bodies differ much in 
specific gravity : e. g.^ though the specific gravity of barytes is 
4.40* or nearly 4| times as heavy as an equal bulk of water, 
some species of asbestus are nevertheless lighter than water; 
Some kinds of pumice-stone are also much lighter than that 
fluid. 

Q. What is meant bj specific gravity ? 
•/}. Specific gravity is a term used to express 
the relative weight of bodies i 

Ex, — ^The specific gravity of one body may be much greater, 
than that of another, though their absolute weights be the 
same. But when one body is larger, or occupies more 
space than another of the same weight, the first is said to be 
specifically lighter than the other, and vice versd* It is on- 
this principle that an air balloon inflated with gas floats, in 
the atmosphere; in consequence of its being specifically lighter 
than an equal volume of common air. 

Q, How is the specific gravity of bodies de- 
noted . in chemical writing f 

A. By comparing it with the specific gravity 
of pure water, in decimal ^gures, water being 
always considered as 1,000 : e. g.^ the specific 
gravity of the strongest sulphuric acid or com* 
merce is said to be 1.900, or nine-tenths heavier 
than water* Iron i^ 7.650, or more than 7^ times 
heavier than water; that is, a cubic inch of iron,, 
if put into a scale, would require 7| inches of 
water to balance it. Silver is 10.478; gold, 
19*300 ; and platinum 23.000, or 23 times heavier 
than water. ' 

Q. What b the specific gravity of atmosphe-^ 
ric air? 

A. A cubic foot of atmospheric air weighs 

be now taken out with care, it will be found that the water in the- 
scale will exactly fill the vacancy left by the wood, 

B 4 
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nearly one ounce and a quarter, and a cubic' 
foot of water 1000 arotrdupoise.* 

Q. How is water retained in the atmosphere, 
if its specific grayitj be greater than that of 
atmospheric air f 

•^« Because the water taken up by the atmos*- 
phere is not in an aqueous state, but is con- 
verted into vapour by the matter of heat. 

Ods* — Water not only becomes converted into steftm by 
heat, but if the air be warm, the steam becomes as fair 
changed by its onion with tiie matter of heat as to be perfectly* 
invisible. 

Q. By what means is water converted into' 
vapour by means of beatf 

^. A considerable portion of the matter of 
heat combining chemically with water renders 
it specifically lighter^ which is the cause of its 
rising* and mixing with the atmosphere. 

Q. What becomes of the water which thus 
evaporates from the earth ? 

A. It occupies the lower regions of the at-^ 
mosphere, where it is preserved and partly dis* 
solved in air, and partly in the state of elastic 
vapour.t 

06s, — By ^e experiments of Saussure, he makes it appear 
that a cubic foot of atmospheric air wdi hold in solution eleven 
grains of water, a property from which we derive many ad- 
vantages. . It has a tendency to preserve every thing on thei 
hce of the earth in a proper degree of moisture. Daring one 

• Atmospheric air, like all other elastic fluids, jrields to the slightest 
hnpulse, and is put in motion with the greatest esse ; but it has not 
the power of penetrating many substances, like oils and other -fluids. 
The facility and rapidity of its motions cannot be explained on any 
other principle but its fluidity. Some of the winds moye nearly at 
the rate of 4000 feet in a minute. 

t From the experiments of some aeronauts, it would appear that 
the air is much drier in the higher regions than it is near tne surface 
of the earth.— PA«7, Mag, voL xix. p. 378. 
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feason of the year, in the interior of Africa, a wind, called the 
Harmattan, prevails, which is so extremely dry that household 
fumitbre is destroyed by it; the pannels of wainscots split; 
boarded floors are laid open; and the scarf skin of the body 
peels off, during its continuance. Were it not then for the pro- 
perty of the atmospheric air holding water in solution, this 
would be more or less the case everywhere. 

Q. Explain the formation of vapour into 
clouds? 

A. After vapour has remained for some time 
in the atmospnere, it becomes, in a. measure, 
condensed by causes which are unknown to us ; 
and the particles of water of which it is com- 
posed unite^ and form small hollow, vessicles, 
which accumulate together; and hence clouds 
are produced. 

06s, — Saussure conjectures that it is the electrical fluid 
which surrounds these vessicles, and prevents them from dis- 
solving in the air. These vessicles are said to be from 1.380 
to 1.190th of a line in diameter. See also Darwin* s Theory 
of {Rain and Dew, in notes to the Botanic Garden, 4to. part ] . 
pp.114, and 169; and 16 and 17lh vols, of Philos. Mag. 
In an Essay on the Forms which Clouds assume ; by Luke 
Hotcard. . 

Q» What is the result of this change of 
vapour ? 

-4. Vapour, when condensed, becomes toa 
heavy for the air to support, and falls down in 
rain, hail, or snow, (See Vaporisation.) 
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CHAPTER III. 



ATMOSPHERICAL AIR. 



Q. What are the perceptible properties of 
atmospherical air ? 
Ji. Fluidity, elasticity, expansibility, gravity. 

1. Fluidity. 

2. Elasticity — if atmospherical air be com- 
pressed into a small compass, it has the property 
of recovering its former state as soon as the pres- 
sure is removed ; which principle is called its 
elasticity. 

Ex. — A bladder tied up with the least quantity of air in it, 
and put under the receiver of an air pump, will be seen, 
gradually to inflate in proportion as the pump is exhausted, 
till it becomes o£ its full size : placed before the fire the same 
effect will be produced,, which dilates, in this manner as the 
atmospheric pressure is removed. A wrinkled apple, from the 
same cause, becomes plump and smooth** The elasticity of. 
the air is also proved by carrying a bladder half full of air to 
the top of a high mountain; as the air will be gradually per<i 
oeived to expand as it approaches the summit. 

8. Expansibility, or that property of being 
rarefied Dy heat, so as to occupy a larger space 
than it otherwise would. 

Ejc-^The neck of a bladder, containing a small quantity 
of air, closely tied up and held to the fire, will, by the swelling 

* Such, indeed, is the elasticity of the air, that Mr. Boyle caused it 
to dilate bv means of an air pump, till it nearly occupied fourteeni 
tbou^nd times the space it usually does.. . 
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<tf the bladder, in oodsequenee of the fard^tion of the ain, 
afford an idea of the expansibility of the air; 

Q. How far does the atmosphere extend ^ 

A. The atmosphere is several miles high^ but 
how far it extenos is not exactly- known. 

Q. What is its use ? 

A. The use of the atmosphere is to support 
both animal and vegetable life. It is also 
neceissary in every instance of combustion ;* it 
ministers to several of the |)leasures we derive 
from our senses ; it gives buoyancy to the clouds% 
and enables the feathered creation to transport 
themselves with ease from one part of the earth 
to another* 

Ohs, — ^Were it not for atmospheric air, we should be unable 
to converse with each other; we should be unacquainted with 
sound* smell, or of the pleasures which arise from the varie** 
gated prospects with which we are surrounded. It is also this 
great extension of the atmosphere which occasions its tceight^ 
the pressure of which produces many important effects in the 
economy of nsuture. 

Esp, — ^The pressure of the atmosphere may be illustrated by 
the following simple experiment : — place a card on a wine 
glass, filled with water, then invert the glass,, and the water will 
not escape; the pressure of the atmosphere on the outside of the 
card being sufficient to support it. 

2. The same may be demonstrated by inverting a tall glass 
jar in a dish of water, and placing a lighted taper under it. As 
the taper consumes the air in the jar, its pressure becomes less 
on the water immediately under the jar ; while the pressure of 
the atmosphere on the water without the circle of the jar 

« There is one exception to this axiom. If a combustible substance 
be mixed with one-lourth or half its weight of nitre, or with 
oxygenized muriate of potass, it will burn it' atmospheric air be ex- 
cluded. But this is owme to oxygen, one of the principles of tha 
atmosphere, being afforded by these salts.. 
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nauuniiig the flMtte^fMurt of the water in the dish will be folded 
up into the jar, to ooeq>y the place of the air oonsumBd bjr 
the taper. 

3. The reality of atmospheric pressure may likewise be ex- 
plained and demonstrated by a common barometer, merdy 
by showing how it acts upon that instrument — a phenomenon 
beautifully illustrated in the following couplet :— 

" In tubes of glass mercurial columns rise 
Or sink, obedient to the iocumbeat skies." 

06s. — It is this pressure of the atmosphere which enaUes the 

limpet to attach itself to the rocks. It forma a vacuum in its 

pyramidal shell, and the pressure of the atmospbese supports it 

where it wishes to remain, without any further effi>rt of its 

own. 

Q. What are the effects produced by the 
weight of the atmosphere? 

wl. By the weight or pressure of the atiiio8-» 
phere we are enabled to raise water bj the 
common pump, and to perform many other 
useful operations* 

06s. — ^The atmosphere presses equally upon the whole sur- 
face of the well, until the rod of the pump is moved ; but, by 
forcing the rod down, the bucket compresses the air in the 
lower part of the pump*tree, which, being elastic, forces its 
way out of the tree through the valve ; so ths^, when the 
bucket is again raised, that part of the pump*tree under the 
bucket is void of air; and the weight of the atmosphere press* 
ing upon the body of the water in the well, forces up a 
column of water to supply its place ; the next stroke of. thd 
pump-rod causes anothor column of water to rise ^ and as long 
as the bucket fits the pump-tree close enough to produce a 
vacuum, a constant stream of water may be drawn from 
below. The rise of water in a pump was formerly attributed 
to the horror nature had of a vacuum. This absurd notion 
was refuted about the middle of the 17th century. The fact, 
indeed, remained inexplicable till philosophers caught the 
idea of atmospheric pressure ; since then, the suspension of 
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mereury ia the barometery and -water id a pump, have bcen- 
weli ondenlood. 

** Pressed by the incumbent air the floods beiow, 

Tbrough opening valves, in foaming torrents flow, 
Font after font in lessened impulse move. 
And' rising seek the vacancy above." 

By cutting^ a piece of pasteboard in the form 
of a valve, and fixing it in a glass tube of a larg^e 
bore, it will not be difficult to explain how the. 
succional columns of water force up the valve 
in the pump-tree, and how that valve supports 
the* water when raised, and prevents its return. 

A common syringe will demonstrate the action 
of atmospheric air in pumping. When a child 
sucks at the breast, it forms a vacuum with its 
mouth, and the milk flows on the same principle. 
In like manner, a vacuum is formed between a 

Eiece of wet leather, tied to a string, and a pcb- 
le stone ; and, by means of the pressure or the 
atmosphere, the leather is enabled to lift and 
carry about the stone suspended. The common 
sypKon also is indebted to this pressure for its 
action. 

Q. What other advantages are derived from 
the extension of the atmosphere? 

^. If, for instance, there was little or no at- 
mosphere, there would be no cold water, as the 
waters on the surface of the earth would be all 
evaporated at a very low temperature : besides, 
the arterial vessels of all organized beings would 
be so constantly distended, as to endanger both 
animal and vegetable life. 

Ods. — On the tops of high mountains water will boil much 
sooner than on the plains, where the atmosphere is heavier y 
and it is known that many spirituous liquors, such as ether and 
spirits of wine, lose a great part of their qualities when exposed 
at such heights. And the quick evaporation which would take 
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^laoe if we had no atmospboe,. may be shewn by. the poise 
glass invented by Dr. Franklin. This consists of a small tube 
with a bulb at eaeh end, exhausted of its air* and containing a 
small quantity of spirits of wine. If this instrument be held 
sloping* with one end in the palm of the hand, the heat of the 
hand will quickly cause the spirits to boil; but the vapour 
rising to the other end becomes condeused as soon as it comes 
in contact with the cold glass. This cheap and simple expe- 
riment shows that a very small degree of heat would be sufficient 
to evaporate all our fluids, if we had no atmosphere. It is also 
calculated to shew that evaporation produces cold ; for the in- 
stant the spirit begins to boil, a sensation of cold is felt on that 
part of the hand where the bulb rests.* 

Q. In what manner are waters and other fluids 
preserved to us by the weight of the atmosphere ? 

A. The weight of the atmosphere pressing on 
the water binas it down, as it were, and pre- 
vents the usual heat of the sun from converting 
this and all other fluids on the face of the earth 
into vapour. 

£i';?.-— The following experiment will shew, that, if we had 
no atmosphere, the waters on the surface of the earth would be 
dissipated in vapour by a small degree of heat: — Procure a 
bottle with a very long neck, fill it with boiling water and cork 
it close, so as to exclude the air ; then» if it be put to stand in a 
basin of cold water, the water will sink in the neck of the bottle 
as it cools. This shrinking of. the hot water will produce a 
vacuum iu the upper part of the bottle, and the water within it 
will be seen to commence boiling again with great violence. 
The cause of this is the cork taking off the pressure of the at- 
mosphere from the water. Also, water which has been cooled 

« ,It is this principle of evaporation producing cold, that occasions 
the injury which persons sustain by sitting in wet clothes, as it is not 
the water that hangs upon them which produces the injury, but the^ 
sudden loss of a large portion of caloric, which is carried off firom the 
body by the evaporation of this water. If a healthy person were 
dosely covered up with his wet clothes, so that no evaporation couldi 
take place, he would probably sustain no mischief.. 
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many degie^ below tbe Boiling point, will reoommehce boil- 
iDg if placed under the receiver of an air pump, as loon as we 
begin to exkaust the receiver of its air. 

. 0^«.— Under the pressure of the almoipfaere wafer boih at 
2l2f^t but in vacuo it boils when he^ed only to 67^. On the 
contrary, if additional pressure be given to water by Popins* di- 
gester, it may be heated to 400*' without ebullition. Lead has 
often been melted by the water heated in these digesters. 

Q. What is the weight of the atmosphere ? 

^. Every square foot of the earth's surface 
sustains about 2160 pounds of atmo^heric air. 
A column of air, an inch square, weighs about 
fifteen f>ounds. 

Q. What are the beneficial effects produced 
by the weight of the atmosphere upon the animal 
and vegetable creation., 

^. The uniform pressure of the atmosphere on 
the exterior of all organised beings, counterpoises 
the internal pressure of the circulating nuids, 
and preserves the vessels in due vigour and 
tone» The great thickness of the atmosphere 
gives a proper temperature to the rays of the. 
sun. It also reflects those rays so as to give a 
lucid brightness to every part of the heavens ; 
and is the cause of those dews and rains which 
fructify the earth. 

Q. What are the component parts of our at- 
mospheric air ? 

^. Oxygen air and nitrogen air combined in 
certain proportions, with one part in every thou- 
sand of carbonic acid gas, and several adventi- 
tious substances. (See Oxygen and Nitrogen.) 
It also holds in solution a portion of water ; and 
sometimes contains hydrogen and carburetted 
kydrogen gases. 
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Q. Are there any chemical means of analjsinj^ 
atmospheric air? 

A. By the operation of different a^ents^^the 
several gases may be separated from eachother, 
and the quantity of each ascertained. (Se6 
GasiBs and their Properties.) 

Exp, — If a measure of atmospheric air be oonflaed over a 
portion of sulpharet of lime, it will soon be decreased to nearly 
one-fourth of its yolume; ita oxygen will be absorbed by the 
sulphiwety and the remaining air will be found to be incapAble 
of supporting cofabuation. A piece of pbosphonis will dcck>n»* 
pose atmospheric air in like manner. 

Obs, — ^The chief chemical properties of the atmosphere aitt 
owing, to the presence of oxygen gas. Air» from which this 
principle has been withdrawn, is nearly inert It can n^longet 
support respiration and combustion^ and metals are not oxydiaed 
by being heated in it Most of the spontaneous changes which 
mineral and dead oigamzed bodies undeigo^ are owing to tbo 
powerful affinities of oxygen. The uses of nitrogen are in s^ 
measure unknown. It was supposed to act as a mere diluent to 
the oxygen; but it most probably serves some useful purpose 
in the economy of animals, the exact nature of which has QQt 
yet been discovered. 



CHAPTER IV. 

OF CALORIC, 



Q. ExFiiAiN the meaning* of caloric. 
A. Caloric is the name modern clusmists haT:e> 
given to the matter of heat, which, in commoa 
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lanffuage, has two meaaings. la the one case, it 
implies the seosatioo we experience on touching; 
a hot body; in the other^ it expresses the causer 
of that sensation. 

Q. What are the properties of caloric? 

A. On the supposition thatcal6ric is material,^ 
it is a subtle fluid, the particles of which repel 
one another, and are attracted by all other sub* 
stances. It is imponderable; that is, it is sa 
exceeding'ly light that a body underg^oes no 
appreciable change of weight, either from the 
addition or subtraction of caloric. It is present 
in all bodies, and cannot be wholly separated 
from them. 

£r.-^Takd any substance whatever, at any temperature, bow*' 
ef er low, and transfer it into an atmospbeie, whose temperature 
Is still low^, a thermometer will indicate that caloric is escapingr 
from it That its policies repel one another* is proved by ob« 
serving that it flies oE from a heated body; and that it ia 
attracted by other substances is equally manifest, from the ten- 
dency it h&B to penetrate their particles, and be rdained by, 
them. 

Q. Give an instance of the manner in which 
caloric may be transferred from one body to 
another 9 

^. If a cup of mercury at 60® be plunged into 
hot water, caloric passes rapidly from one into 
the other, until the temperature in both is the. 
same: — ^that is, till a thermometer placed in 
each of theixi stands at the same height. 

*«* All bodies on the earth aie constontly tending to attain^ 
an equatity; .or, what is tedmically called, an eqmlibrium of^ 
temperature. 

Es.-^lf a number of substantes, different in temperatote, be'r 
inclosed in an apartment ia which there is no actual source of - 
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ealoricy they will soon acquire an equilibrium, to that a theniio- 
meter will stand at the same point in all of them. The varying 
sensations of heat and cold are owing to a like cause. On 
touching a hot body caloric paaes from it into the hand* and 
excites the feeling of warmth; when we touch a cold body 
caloric is communicated to it from the hand» and thus the sensa^ 
tion of cold is produced. 

Q. How is caloric distributed among sur- 
rounding objects? 

A. In order that caloric may be distributed 
at sensible distances, it is not necessary that the 
body should be in vacuo, as it passes with equal 
facility through the air as through a vacuum. 
Hence it follows, that in establishmg an equili* 
brium of temperature, caloric is distributed 
among the surrounding objects in two ways; — 
partly through the means ot intermediate bodies, 
or by communication; partly in consequence of 
an interchange estabiisned from a distance, or 
hj^ radiation. Caloric passes through bodies 
with different degrees oi velocity. Some sub- 
stances offer very little impediment to its passage, 
whilst it is transmitted slowly through others. 

Ex. — Though we cannot leave one end of a rod of iron for 
some time in the fire, and then touch its free extremity without 
danger of being burut, yet this may be done with perfect safety 
if the rod be of glass or of wood. The caloric will speedily 
traverse the iron bar» so that at the distance of a foot from the 
fii^ it is impossible to endure the heat; while a piece of red hot 
glass, two or three inches from its extremity, may be held in the 
hand} or a piece of burning charcoal, though the part in com- 
bustion be only a few lines removed from the skin. 

06s,—TYu»e and similar facts have led lo a division of bodies- 
into conductors and non-conductors of caloric. The con- 
ductors, of course, include those bodies which allow caloric to 
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pass freely through Iheir substance, such as metals ; and the 
DOD-conductors comprise those which do not give an easy pas- 
sage to it, as wood, charcoal, stones,* &c. The conducting 
power of solid bodies does not appear to be rdated to any of 
the other properties of matter-; but it approaches nearer to the 
ratio of their densities than to that of any other properties. 
Ck>unt Romford found a considerable difference in the con- 
ducting power even of the same material, according to the 
state in which it was employed. {See Phil. Trans. 1792.) 
His observations seem to warrant the conclusion, that in the 
same substance the conducting power increases with the com- 
pactness of structure. 

In one sense of the word, liquids may be said 
to have the power of communicating caloric 
with great rapidity, and yet they are very im- 
perfect conductors. When certain particles of 
a fluid are expanded by heat, they become spe-^ 
cifically lighter than tnose which have not yet 
received an increase of temperature — conse- 
quently, according* to a w611 known law in 
physics, they must rise towards the upper surface 
of the liquid, while their place is supplied by 
the adjoining particles, wtiich are colder anil 
denser, and therefore disposed to descend* 
Hence, under certain circumstances, caloric is 
rapidly communicated through fluids; that is, 
if neat be applied to the bottom of a vessel con- 
taining any liquid, a double set of currents 



* Variovt methods have been adopted to determine the relative 
conducting power of different substances. The most convenient it 
that of Ingenhouz (See Jour, de Phys. 1789, p. 68). He covered 
little rods of tbe saine form, «ise, and len^, but of different ma- 
terials, witli a layer of wax, plunged their extremities into heated 
oil, and noted to what distance the wax was melted on each during 
the tame interval. By this method, the metals were found to con- 
duct caloric better than any other substances — and of these silver is 
the best, gold next, then tin and eopper, which are nearly equal, 
then iron, platinum and lead. 
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tioo8«* As, according^ to the laws of nature, 
animal and vegetable life are both very much 
influenced by the temperature in which thej 
exist. Different kinds of vegetables, therefore, 
and a different race of animals, are found 
appropriated to the different climates of the 
earth. 

2. Caloric by combustum* The oxygen gas of 
the atmosphere is decomposed by combustion ; 
and caloric, one of its component parts, is set at 

[ liberty. 

3. Caloric produced by percussion^ The heat 

Eroduced by percussion is generally occasioned 
y the compression of the particles of the body 
which forces out a portion of its latent heat or 
caloric. 

Ods, — As evaporatioD produoet cold, coDdeoaatba always 
occanoni hoi; that is, caloric is always evolved by those 
bodies which have underg;one any degree of condensatioo. In 
one case cabrio is absorbed, and in the othdt it is setat liberty* 
By the collision of flint and steel so much caloric is disen- 
gaged, that the metallic particles struck off, are actually melted 
by it. This is evident from their being always found in a 
spherical form. 

4. Caloric by friction. It is not known how 
friction produces caloric, unless we suppose it to 
be a succession of percussions— or probably it is 
to the agency of electricity or galvanism alone, 
that the cause must here be ascribed. 

Obs, — ^The method of procuring Are, practised by the 
natives of California, is too well known to be repeated ; and 
instances have occurred, where whole forests have been burnt 



• Caloric comes to us from the sun at the rate of 200,000 ailes in 
a second of time ; but Dr. Henchel hai proved that the sohur raya- 
wliich occasion heat, «re distinct from thoie which luminate and pra- 
dace vision. 
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Aown. by firei kindled from the violent friction of the bnnchei 
against each other by means of the wind. 

A. Caloric by means qfelectrieitjf or galvanunu 
By the discharge of an electrical battery, or by 
the galvanic apparatus, a more intense degree 
of caloric may be obtained than by any other 
means whatever. 

Ei/F.— -If a piece of charcoal, from hard wood, be inflamed 
by galvanism, the light produced seems to vie with that of the 
son* being too intense for the eye to endure. By means of the 
electrical battery, metals may be suddenly fused, and gases 
united ; but if a fine metallic wire be made part of a powerful 
galvanic circle, it will be melted in an instant, and gives out the 
most beautifid corruscations of light of various colours sc« 
voiding to the nature of the metal employed. In like manner* 
gold and silver leaf, when submitted to galvanic action, bum 
with the greatest splendour* and a£R>rd extremely beauti^ 
appearanees. 

6. Caloric by mixture. When heat is pro- 
duced by the mixture of two or more substanices, 
it is owing to the fluid part of the mixture tahing 
a more solid form ; for neither water nor any 
other fluid can acquire an increase of density 
without giving out a portion of its latent caloric. 

Ejep, — ^When two gases or liquids unite ehemiealfytihe com* 
pound has greater density tiian the mean density. Thus the 
Vapour of water at the boiling point occupies much less space 
than the hydrogen and oxygen gases, which compose it* would 
hove ooci^ied at the same temperature. 

2. Sulphuric acid and water experience this condensation by 
mixture, which is proved by the measure of fluids, before and 
ailecwards, and by the heat that is evolved. If four parts of the 
former be mixed with one of the latter, the mixed fluids will 
quickly acquire a temperature higher than that of boiling water. 
Some caution is necessary in making this experiment. 

3. If iron filings and nilphur be mixed into paste with water* 

c 2 
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t iidphuret of iron will be formed, which decomposes the wafer 
and absorbs oxygen so rapidly that the mixture takes fire, even 
Ifaodgfa it be buried underground. 

• Obi\ — ^Mixture does not unifomily produce heat. Tbenux- 
>4ure of some substadsote ptodfice an intense cold. The cause, 
however, of both eflects is easily explained. Whenever siib- 
stances become more condensed by mixture^ heat is ewdved; 
when they expand cold is produced ^ or, in other words* ihe opm- 
j^und has a greater or less capacity for caloric than the separate 
■ ingiedients.^ The mixture oi muriate pf lime and snow producet 
; tiie greatest degiree of cold yet known. 

Q. Is there any difference in the nature of 
cdoric? ••/.,• 

'A. There is not: we have reason to believe 

•that caloric is uniform in its nature; but the 
terms sensible heat or free caloric, latent heat or 
combined caloric are necessary, because there 
exists in all bodies two portions of caloric very 

. distinct from eadi otlLer, which are' thus desig- 

.nated.* '. 

Q. What is meant by free orisensible calorio ? 

' A. It is .the matter of heat disengaged from 
other bodies, or, if united, not diemically so, 

• withthenu 

Q. What is latent caloric,?. 

«^.. It. is thart portion of thei matter of heat 

• which makes no sensible addition to the tempe- 
rature of the bodies in; which it exists;, and in 
this state it is known io exist in all substances we 

• are acquainted with ; which is not the Caise with 
any other bodies we know of, not even light. 

Q. What, are the particular effects of caloric 
i on bodies? . ; . ' . • •• l - 

j1^ Caloric favours the Solution^ of salts, and 

. - — --..--■ — - ■ ■ ■ • • ■ I ^- - 

* We are indebted to Dr. Black for the discovery of latent heat.*— 
See Prtfaee to Mi Lectures, 
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promotes the union of many substances. In other 
cases it serves to separate oodles already united ; 
80 that in the hands of chemists it is the most 
powerful agent they are acquainted with. It 
also promotes the decomposition of bodies,, in 
consequence of its counteracting* the attraction 
of cohesion which exists in all bodies. 

Ejp. — ^Put two ounces of Glauber's salts (sulphate of sodd) in 
powder, into a tea- cup of cold water, stirring thenx togethef", 
and the water will only dissolve a portion of the salt; but if 
heat be applied the whole will be dissolved. If the liquor be 
left to cool, the salt will be seen to shoot into crystals, afford- 
ing also an example of chrystallization. 

2. Sulphur and mercbry may be mixed without any appa- 
rent change } but if caloric be added, and the heat properly 
regulated, they combine so intimately as to form yermiliion. 
Charcoal seems to have no attraction for oxygen in the atmos- 
pheric temperature, but if heated it unites to it with greai 
eagemtes. 

06s, — Caloric is also the cause of fluidity in all lubstaneet 
which are capable of becoming fluid, from the heaviest metal 
to the lightest gas. By the abstraction of caloric solid bodies 
rendered fluid by it are reproduced. 

Q. What are the terms used by chemists to 
express the different proportions of caloric of 
which bodies are more or less susceptible ? 

A. One body is said to haye a greater capacity 
for caloric than another, and vice versd. 

Ex. — The property of this term may be shown to the che- 
mical student by dipping a lock of wool and a piece of sponge 
in water, and directing' him to observe bow roudi more water 
the sponge is capable of taking up than, the wopl. Henc9 
sponge may be wid to have at greater capacity for water than 
wool has. 

(2, WbMtterm is used to denote the quantity 

c 3 
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of caloric aeceisarj to raise a body to anj gireft 
temperature f 
A* The specific caloric of that body. 

03#.— This tenn it always wed compantivdy, c x p wi ye 
of the relative portioni of caloric contained in equal weighli or 
measures of diflerent bodies at Ibe same tempaatare» or tbe 
compaiattre quantity of caloric wliich can prodooe the same 
efiect. Thus* if the specific caloric of mercury be said to be 
one, that of water may be said to be three, as in the following: 

£jp.— Take lib. of water at ]00» and mix it with lib. of 
water heated to 200°, the mixture will be found to give the 
exact mean temperature of 150° ; but lib. of mercury at 100* 
and lib. of water at 200°, will produce a heat much higher 
than the mean temperature : mercury, therefore, has not so 
great a capacity for caloric as water. 

*^* Bodies usually become more dense by the loas of caloric ; 
but the freezing of water is a striking exception to this general 
law of nature. There are some few other exceptions. Saline 
solutions expand in cooling as crystallization takes plaoe ; and 
more perfect castings of iron may be had than of almost any 
other metal, in consequence of iron enlarging always as it 
cools, and filling the most minute parts of the mould into 
which it may be poured in a fluid state; but we know of no 
fluids that Ins a maximum of density like water, and that ex- 
pands whether heated above or cooled below that temperature : 
for water as it cools below 45° 5' instead of contrscting and 
becoming of greater specific gravity, actually becomes in- 
(greased in bulk, and its specific gravity begins to lessen as it 
cools. 

Effects of Caloric. — Q. What are the 
phenomena which accompany the passage of 
caloric into substances ? 

A* Expansion, liquefaction, vaporization, in- 
candescence and combustion. 

Q. What are those that attend its escape t 

Jl^ The pheaomena which attend the escape 
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of caloric from substances are :— contraction, 
solidification of fluids, and condensation of 
vapour. As these last, however, are simply the 
converse of the former, all the effects of caloric 
upon matter, may be arranged under the five 
heads which have previously been mentioned. 

ExPANsiOH. — ^AU bodies are expanded by 
caloric, and the expansion of the same body 
increases with the quantity of caloric which 
enters it. But this law is a general one, only so 
long* as the body under examination suffers no 
change in its lorm or composition. If the 
caloric should produce one or ooth these effects, 
then the reverse of expansion (cohesion) may 
ensue ; not, however, as the direct consequence 
of an augmented temperature, but as tibe result 
df a change in form or composition. 

To prove the expansion of solids* Take the 
exact dimensions in length, breadth, and thick-» 
ness of every substance, when cold, and measure 
it again while strongly heated, when it will be 
found to have increased in every direction. 

2. Adapt a ring to an iron rod^ the former being 
just large enough to permit Uie latter to pass 
through it while cold. The rod is next heated, 
when it will no longer pass through the ring. 
This dilatation from heat, and consequent con« 
traction in cooling, takes place with a force 
which appears i|:resistible. 

*«* The expausioa of solids has engaged the attention of 
experimenters,* whose efibits have been chiefly directed to- 

* The Philosophical Transactions of London contain vaiious dis- 
•ertadons on this subject by ElUcot, Smeaion, Troughton, and Gene- 
ral Roy ; and M. Biot. in Traits de Physique, rolL i., has given the 
results of experiments with great care by Lavoisier and Laplace^ 
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wBids tsodtauung the onct qiantity by which diflemt Mib* , 
itaooes are lengthened by a given increaie of heat, and de- ' 
tennining whether or not their expanaon is equable at different . 
temperaturea. 

The simplest mode of proving the expansion 
of liquids is bj putting a common thermometer, 
made with mercury or alcohol, into warm water, 
when the dilatation of the liquid will be shewn 
by its ascent in the stem. 

d^f.—This experiment is iliuitntive of two facts:—!. That 
the dilatation is in proportion to the tanpeiBtiire : for if the 
thtonometer be plunged into seveml portions of water heated to 
different degrees, the aaoent will be greatest ior the hottest waler» 
and least in the coolest portions. 2. It demonstiates that 
liquids expand more tlian solids. The glass bulb of the 
thermometer is itself expanded by the hot water, and therefore, 
is enabled to. contain more mercury than before ; but the iper-, 
cury being dilated to a much greater extent, not only occupies, 
the additional spa6e in the bulb, but likewise rises in tlie stem. 
ItS'Ssoent. marks the difference between its own dilatation and 
that of the glass. 

Different fluids do not expand to the same 
degree from an equal' increase of temperature. 
Alcohol expands much more than water, and 
water' th to mercury. 

The Thbrmometbr. 

" In tubes of glass mercurial columns rise 
. Or sink, obedient to the incumbent skies ; 
Or, as they touch tlie figured scale, repeat 
The nice gradations of circumfluent heat." 

Darwin, 

Q. What is a thermometer ? 

^. A thermometer is an instrument in com- 
mon use to measure the temperature of bodies. 
It consists of a g'lass tube containing a por- 
tion of mercury, with a graduated plate an- 
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aejced to it. The tube is hermeticallj sealedy 
to preserve the metal from the pressure of the 
atmosphere. 

Q. How is a thermometer affected by ther 
temperature of bodies ? 

•^. When a thermometer is brought in con- 
tact with any substance, the mercury expands, 
or contracts till it acquires the same, temper^ 
atujre; and the .height at. which the mercury,- 
then stands in the tube, indicates the exact tem-r 
perature of. the substance to which it has been 
applied. 

Q. Will Ae thermometer show the quantity 
of caloric in all bodies. 

:A. No : it will not shew that portion of ca- 
loric which is latent, or chemically combiifed' 
with any body: c.^r., fluids require a certain por- 
tion of caloric to keep them in a state of 
fliiidity, which portion is not indicated by the 
thermometer. . 

Obs, — ^The property which we call the temperature of 
bodies does not shew the measure of their 6aloric» but merely 
the degree of dilatation which the caloric they contain in a 
disengaged state is capable of producing in the substance of 
which the thermometers are formed. 

*^* Every substance requires its own quantity of caloric to 
raise it to a givea temperature; but when raised to that tem- 
perature, every further addition of caloric is precisely shown 
by the thermometer. 

- All fluids operate upon the thermometer 'in 
tbe same manner as solids; for, whatever sen- 
sible colour be contained in any liquid, that 
Sortion is accurately shewn by the thermometer. 
Tature is uniform in all her results ; for, if we 
plunge a thermometer ever so often into boiling 
water, it will always stand at the same point,' 

c 4 
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provided the pressure of the atmosphere be the 
same. Meitinff snow will always show the same 
degree upon the thermometer, m whatever state 
the atmosphere maj be* 

Ex, — ^If a quantity of toow be placed in a bason before the 
Hie, and a tbermometer be plunged in it, tbe thennometer will 
aland at 32^ : if the instrument be remoyed* and the snoir 
snfioed to remain before the fire some time longer, and fliea 
tried by the thermometer, it will stUlindicale the sametem- 
peiature, though it has all along been reoeiving an accession 
of caloric; but the moment that the whole of the snow is 
melted the thermometer will begin to rise. 

2. Suppose also a piece of ice, cooled 20" below the (reeling 
point, be exposed to a hot fire with a thetmomeler fisad in it, 
the thennometer will rise very uniformly till it comes to the 
fieezing point 32°, and then make a full stop till the ice is all 
liquified, as though the ixt had lost its faculty of heatii^ 
but the instant that all the ice is melted, the thetmomeler will 
b^gin tQ rise again, and continue to rise gradually till. the 
water becomes heated to 212", the boiling point, 

*4^« These experiments show that the heat which snow and 
ice receive while melting is necessary to give them fluidity, 
though it does not increase their temperature; and that con- 
tains much less absolute caloric than water at tbe same 
temperature. Were this not the case, all cold countries would 
be subject to dreadful inundations; for, whenever the atmos- 
phere became^ warmer than 32", the ice and snow would be 
melted in an instant, and the sudden deluge of water would 
carry every thing before it 

Caloric of Fluidity. — The caloric of flu- 
idity is that portion of heat which is a necessarjr 
Sart of fluids; though different fluids require 
ifferent portions of it to preserve them in the 
state of fluids. ,^ 

£x;>.— If four parts of suTphuric acid and one part of ice^ 
both at the temperature of 2Q9, be mixed together, the ice melts 
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iBtttantly, and the temperature of the mizkore riitt to 212^ 
(the heat of boiling watec). But if four parts of ice and one 
of the same kind of acid at d2i> be mixed, the temperature sinks 
to about 4^. 

Ods.^Jn the first of these eXjperiments, as the ice and acid ^ 
tombine» they become more dense than their nteiM density; 
consequently they both give a portion of their caloric of fluidity, 
and retain only the caloric of fluidity which is neceasary for 
the new compound. In the second experiment, the ice, as* 
suming a liquid form, requires a large dose of caloric to give it 
fluidity; and the sudden Ml of the thermometer is owing to th« 
suddenness with which the ice absorbs the caloric from the acid, 
and which it requires before it can assume a liquid form. 

According to Dr. Irvine the caloric of fluidity 
of 

Sulphur is . 143o 6» Fahrenheit 
Water . . 14(y> Lead . . • 1620F. 
Spermaceti 145o Zinc . • . 493^ 
Beeswax . ITS® Tin . • , . 600» 
Tin . . . 500» Bismuth . • bbOP 
It has been remarked by Bishop Watson,* that 
nitrous acid mixed with snow water excites a 
verj great degree of heat, but when mixed with 
snow produces the greatest cold he had ever ob«' 
served. 

Heat and Cold. — ^The power of producing 
cold is still very limited compared with that of 
exciting heat. Hitherto no one has been able, 
to sink the temperature of any substance belotv^. 
90^ or 112® below the freezing point of water; 
but Mr. Wedgewood constructed an air fVirnace 
in which he raised a heat equal to 185 degrees 
of his pyrometer,t or 25127® of Fahrenheit; and 

* Chemical Essays, yol. iii. p^ 142. 

t To measure degrees of heat in high temperatures, including a. 
rangeof nearly 32,0000 of Fahrenheit ; for a description of which, see' 
PhllotophUal Trantactiont, vol. IxxiL ■ . . . « 
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by means of oxygen gas more intense heats than 
e?en this have been produced. 

Range and Regulation of Thermometbes. 
— ^In this kingdom Fahrenheit's thermometer ' is 
' universally used. In it the. range between the 
freezing and boiling points of water is divided 
into 18& ; and as the greatest possible degree of 
cold was supposed to be that produced by mix- 
ing snow and muriate of soda, that was made the 
Zero ; thus the freezing point became 32^9 and 
the boiling point 212*. 

The centigfrade thermometer of modem France 
places the Zero at the freezing point, and divides 
the range between it and the ooilin^ point into 
100^. This has long been used m Sweden 
under the name of Celsius' thermometer. 

Reaumur's thermometer, formerly used in 
France, divides the space between the freezing 
and boiling of water mto 80^ ; and, like the cen- 
tigrade thermometer, places the Zero at the 
freezin? point. 

De Lisle's thermometer is used in Russia. 
The ^aduation commences at the boiling point, 
and increases towards the freezing point. The 
boiling point is marked O, and the freezing point 
13W. 

' In Wedgewood's pyrometer the Zero corres- 
ponds with 1077° of Fahrenheit, each degree of 
which is equal to 130^ of Fahrenheit. Therefore 
18(y F. = lOO** C. = 80* R. = 150° De L. -i 



* For an easy method of reducing the degrees of one thermometer 
the scale of another,8ee " The New London Medical and Suiv* 
oicAL Dictionary," by the Author. 
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Liquefaction. — All bodies, hitherto known, 
are either solid, liquid, or gaseous; and the 
form they assume depends on the relative in- 
tensity of cohesion and repulsion. Should the 
repulsive force be comparatively feeble, the par- 
ticles will adhere so firmly together, that they 
cannot move freely upon One another, thus con- 
stituting a solid. If cohesion be so far counter- 
acted by repulsion, that the particles move on 
each other freely, a liquid is formed. And 
should the cohesive attraction be entirely over- 
come, so tbat,the particles not only move freely 
over each other, out separate from each other 
to an indefinite extent, unless restrained by ex- 
ternal pressure, an aeriform substance will be 
produced. 

The most material circumstance as regards 
liquefaction is the discovery made by Dr. Kack,* 
namely,— that a large quantity of caloric disap- 
pears, or becomes insensible to the thermometer 
during the process; which he illustrates by the 
foUowmg 

' Exp. — ^If a pound of water at 32° be mixed with a pound 
of water at 172°, the temperature of the mixture will be inter- 
mediate betwixt them, or 102°. But if a pound of water at 172** 
be added to a pound of ice at 32°, the ice will quickly dissolve, 
and in placing a thermometer in the mixture, it will be found 
to stand, not at 102°, but at 32*». 

Obs.-^ In this experiment, the pound of hot water, which was 
originally at 172°, actually loses 140° of caloric, all of which 
entered into the ice, and caused its liquefaction, but did not 
affect its temperature. It therefore follows that a quantity of 
caloric becomes insensible during the melting of ice sufficient 
to raise the temperature of an equal weight of water 140° of 
Fahrenheit. This explains the well-known fact on which tbt 
graduation of the thermometer depends ; namely, that tlie tem- 
perature of melting ice or snow never exceeds 32° F. - All the 
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cftloric which is added beoomei imemiblf, till the liquelectioo 
be complete.* 

Vaporisation. — ^rifonn substances are 
commonly divided into vapours and ^ases. The 
character of the former is> that thej can be 
readily converted into solids or liquids, either 
by a moderate increase of pressure, the tern* 
perature at which they were formed remaining^ 
the same, or by a diminution of temperature, 
the pressure beinff unchanged* Gases, on the 
contrary, retain their elastic state more ob» 
stinately ; they are always sent at common tern- 

f>eratures, and cannot be made to change their 
brm, except by being subjected to much greater 
pressure tnan they are naturally exposed to. 
Several of them, indeed, have hitherto resisted 
every effort to compress them into liquids* 

Vapours occupy more space than the sub* 
stances from which they are produced ; and it 
is a general opinion that a sufficiently intense 
heat would convert every liquid and solid into 
vapour. A considerable number of bodies, 
however, resist the strongest heat of our furw 
naces without vapourizin^. These are said to be 
fixed in the fire ; those wnich, under the same 
circumstances are converted into vapour, are 
called volatile. 

According to the experiments of Gay Lussac, 
in passing into vapour — 

Times its volume. 
Water expands - - 1696 

Alcohol .... 650 
Ether .... 443 

* Freezing mixtures may be ma^e without the use of snow ot ice, 
by- the rapid solution of salts. For a table of these and f^rigorofic mix- 
turesy see New Load. Med. and SUrg, Diet 
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: This shews that vapours differ in density* 
Watery vapour is lighter than air in the pro- 

Kortion of 1000 to 1605, or the density ol air 
eing 1000, that of watery vapour is G23. The 
vapour of alcohol, on the contrary, is half as 
heavy a^ain as air; and that of ether is more 
than twice and a half as heavy. As alcohol 
boils at a lower temperature than water, and 
ether than alcohol, it was conceived that the 
density of vapours miffbt be in the direct rates 
of the volatility of the liquids which produced it. 
But Gay Lussac has shewn that this law does not 

generally hold; for the carbonate of sulphur 
oils at a higher temperature than ether, and 
nevertheless it forms the heaviest vapour. He 
also found that the dilatation of vapours by 
beat follows the same-law as gases, that is, for 
every degree of Fahrenheit, they increase by 
jl-480th of the volume they occupied at 32^. But 
the law does not hold unless the quantity of 
vapour continues the same. 

06s. — Vapoi)sation iscouveniently studied under two heads, 
— >«bullitioa and evaporation. In the first, the production of 
vapour is so rapid, that its escape gives rise to a visible conimo* 
tion of the liquid 5 in the second, it passes off quietly and in- 
sensibly. 

EsuLiiiTiON. — ^The temperature at which va- 
pours rise with sufficient force for causing the 
phenomena of ebullition, is called the boiling 
point. The heat requisite for this effect, varies 
with the nature of the fluid : e. g. 

Sulphuric ether boils at - - 96^* F. 

Alcohol 17y 

And pure water at - - -212®; — 
while oil of turpentine must be raised to 316®, 
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and mercury to 860^, before either eihibits 
miirks of ebullition. 

The boiling point of the same liquid is con- 
stant, so lon^ as the necessary conditions are 
preserved, although liable to be affected bj 
several circumstances. The nature of the vessel 
has some influence upon it; for Gay Lussac ob- 
served, that pure water boils precisely at 212^ F. 
in a metallic vessel ; and at 214^ in one of glass. 

The circumstance, however, which has the 

Sreatest influence over the boiling point of 
uids, is the variation of pressure. AH bodies 
upon the earth are - constantly exposed to 
eonsiderable pressure. Liquids are exposed 
to this pressure as well as solids, and their 
tendency to take the form of vapour is very 
much counteracted by it. And as the atmos- 

Eheric pressure is variable, it follows that the 
oiling point of liquids must vary ako. 
The influence of the atmosphere over the 
point of ebullition is .best shown by removing its 

{>r assure altogether. The late professor Robinson, 
bund that fluids boil in vacuo at a temperature 
140 degrees lower than in the open air.* Thus 
water boils at 72® F., alcohol at 33® F., and ether 
at 44° F. This proves that a liquid is not neces- 
sarily hot, because it boils. The heat of the 
hand is sufficient to make water boil in vacuo, 
as exemplified by the common pulse glass (p. 16.^; 
and ether, under the same circumstances, will 
enter into ebullition, though its temperature be 
low enough for freezing mercury. 

Q. What is the reason that water^ under com- 
mon circumstances, cannot be heated beyond 
212° F.? 

* WplUstpn, Vhxl Trans. 1S17. 
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A. Because it then acquires such an expansive 
force as enables it to overcome the atmospheric 
pressure, and to flj off in the form of vapour. 

Q. In what manner may water then be heated' 
to any extent without boiling ¥ 

.tf. By beingf subjected to sufficient pressure, 
which is best done oy heating* it, while confined 
in a strong copper vessel, called Papiii's digester. 
A large quantity, of vapour collects above the 
water, which checks the ebullition by the pres-' 
sure it exerts upon the surface of the liquid. 

03^.^-Thepe is no limit to Which water might not be heated 

in this way« provided the vessel be strong enough to confine 

vapoar; but the fexpahsite force of steam under these circum- 

stances^is so enormous as to overcome tho' greatest resistance. 

The power and advantages* of steam to commerce in general' 

have been! as propheticaliy verified in the following lines as 

these lines are beautifully descriptive and truly poetical :-«— ) 

'f Soon shall thy aVm, uneonqacr*d steam, afar, 
Dr€^ the slow barge, or drive the rapid car ; 
Or on wide waving wings expanded bear 
JheflyiTtg chariot through the fields of air." 

Steam is now employed In a vast varietj of 
ways in the different manufactures of th?s kmj-' 
dom ; its application to navigation, and the 
prospect of its shortly being made subservient to 
mland travelling, renders it necessary, as con- 
nected with this subject, to say a little upon it. 

In estimating the power of steam,* it should 
be remembered that vapour, if separated from 
the liquid which produced it, does not possess a 
greater elasticity than an equal quantity of air. 

* Professor Robison (Brewster's Ed. p. 25) found that the teasicm 
of steam is equal to two atmospheres at 244° F., and to three at 
270^ F. The results of Mr Southern's Experiments, given in the 
sasoe volume, fix apon 250-- 3'' F. as.the temperature at which steam 
has the tbrce of two atmospheres, on 293—4** F. for four, an4 
343— 6» P. for eight atmosphercSs. 
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Ej.^U the digeitcr wti loll of iteam at 212^, na watar in 
the liquid state being praent* it may be heated to any dcgne» 
even to rednen, without danger of bunting. But if water be 
present, then each addition of caloric causes a fiesh portion of 
steam to rise, which adds its own elastic force to that of the 
▼apour pieviously escisting, and, conaeqaeBtly, an esoenive 
pressure is soon excited against the inside of the vcMel. 

The elasticity of steam is employed as a mov« 
ing power in the steam engine. The construc- 
tion of this machine depends on two properties 
of steam, namely, the ezpansire force comnni* 
nicated to it by caloric, and its ready conversion 
into water oy cold. The effects of both these 
properties is well shown by a little instrument 
devised by Dr. WoUaston, which consists of a 
cylindrical glass tube, six inches long, nearly an 
inch wide, and blown out into a litde ball at one 
end. A piston is alternately fitted to the cylin» 
der, so as to move the tube up and down wifli 
freedom. When the piston is at the bottom of 
the tube it is forced up by causing a portion of 
water, previously placed m the ball, to boil .by 
means of a spirit lamp. On dipping the bail 
into cold water, the steam which occupies the « 
cylinder is suddenly condensed, and the piston 
is forced down by the pressure of the air. above 
it. By the ultimate application of heat and 
cold, the same movements ai*^ reproduced, and 
may be repeated fpr any length of time* The 
moving power of the steam engine is the same as 
in this apparatus. The only essential difference 
between these is in the mode of condensing the 
steam. In the steam engine the steam is con- 
densed in a separate vessel, where there is a 
regular supply of cold water for the purpose. 
By this contrivance, which constitutes tne greM 
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improyements of Watt, the temperature of the 
cjiiixder never falls below 212^. 

Formation of Vapour* — The formation of 
vapour is, like liquefaction, attended with a loss 
Qf sensible caloric. This is proved by the well 
known fact that the temperature of steam is pre^^ 
cisely the same as that of the boiling water nrom- 
whieb it arises; so that all the caloric which 
enters into the liquid is solely employed in con* 
verting* a portion of it into vapour, without af-« 
fecting the temperature of ether in the slightest 
degree, provided the latter is permitted to escape 
wiui freedom. The caloric which then becomes 
latent, in the language of Dr. Black, is again 
set free when the vapour is condensed into water. 
The exact quantity of caloric absorbed may 
therefore be ascertained by condensing the steam 
in cold water, and observmg the rise of tempe* 
rature occasioned by it. 

From the experiments of Dr. Black and Mr. 
Watt, conducted on the above principle, it ap-^ 
pears that steam of 212^, in being condensed into 
Vrater of 212% gives out as much caloric as would 
raise the temperature of an equal weight of 
water by 950^, all of which had previously ex« 
isted in the vapour without being: sensible to a. 
thermometer. ^ ^ 

Evaporation. — Like ebullition, evaporation 
copsists in the formation of vapour, and the only 
asi^ignable difference between them is, that eva- 
poration takes place quietly, and ebullition with 
the appearance of boiling. 
• Evaporation takes place at the common tem« 
perature, as may be seen by exposing water in a 
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shallow vessel to the air for a few days, when it 
will gfraduallv diminishy and at last disappear. 

Most fluids, if not all of them, are Susceptible of 
this ^adual dissipation ; and it may also be ob- 
serve in some solids, for instance, as in camphor. 

Evaporation is much more rapid in some fluids 
than in others, and it is always found that those 
liquids, whose boiling point is lowest, evaporate- 
with the greatest rapidity, e* g.; alcohol, which 
boils at a lower temperature than water, evapo-^ 
rates also more freely ; and ether, whose point Of 
ebullition is yet lower than that of alcohol, eva« 
porates still more rapidly. 

Q. What are the chieif circumstances that in- 
fluence the progress of evaporation f 

A. Extent of surface, and the state of the air 
as to temperature, dryness, stillness and density. 

1. Extent of surface. Evaporation proceeds 
only from the surface of fluids, and, tnerefor^, 
ctJBteris paribus^ must depend upon the extent of 
surface exposed. 

2. Temperature. The effect of heat in pro- 
moting evaporation may easily be riiown by put- 
ting an eq^ual quantity of water into two saucers^' 
one of which is placed in a warm, the other in a 
cold situation ; the former will be quite dry be- 
fore the latter has suffered any appreciable dimi- 
nution. 

8. State of the Air as to dryness or moisture. 
When water is covered by a stratum of dry air, 
the evaporation is rapid, even when its tempera- 
ture is low. Thus, in some dry cold days in win- 
ter, the evaporation is exceedingly rapid ; 
whereas it goes on very slowly, if the atmosphere 
contains much vapour, even though the air be 
very warm. 
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4. Evaparaiicn is far slower in still air than 
in a current. The reason for this is obvious ; the 
nir immediately in contact with the water soon 
becomes moist, and thus a check is put to eva- 
poration. But if the air be removed from the 
surface of the water when it has become charg^ed 
with vapour, and its place is supplied with fresh 
,air, thea the evaporation contmues without in- 
terruption. 

6. Pressure over the snr/aee of liquids has a 
remarkable influence over evaportxtien. To prove 
this, place etner in the vacuum of an air pump, 
when vapour will rise so abundantly as to pro- 
duce ebullition. 

As a lar^e quantity of caloric passes from a 
sensible to an insensible state during the forma- 
tion, of vapour, it follows that cold should be 
generated jby evaporation* 

f £x7i.-^If a few drops of ether be allowed to fell upon the 
handy .a strong sensation of cold will be excited during the eva- 

-poration; or iftheballof athennometer» covered with lint, be 
4Boistened with-ether, the production of cold will be marked by 

• the descent of the mercury. But to appreciate the degree of 

• cold which may be produced by evaporation, it is necessary to 
- render it very rapid and abundant by artificial processes ; and 

the best means of doing so, is by removing pressures from the 
, the surface of volatile liquids, &c. • 

Oks, — Liquids which evaporate more rapidly, than water, 
cause a still greatei reduction of temperature. The cold produced 
by the evaporation of ether in the vacuum of the air«pump is so 
intense as to freeze mercury.* Evaporation takes place equally 
in vacuo as in the air -, and it is an established fa^ct,. that the at- 
mosphere retards the progress.^ and that one of the- best means 
of accelerating it, is by removing the air altogether. 

* See a Paper by the late Dr. Marcet, in Nicbolton's Journal, vol. 
xzziv. 
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The experiments of Mr. DaltoQ prove that 
caloric is the true and onlj cause of the form- 
ation of vapour. He also finds that the actual 
quantity oi vapour which can exist in any 
given space> is dependent solely upon the tem- 
perature. 

jE^t?.— If a little water be put into a dry glati flaskt a quantity 
of vapour will be fonned proportionate to the tempeiatuie. If 
a tlimiometer placed in it stands at 32^ F. the flask will con- 
tain a very small quantity of vapour. At 40^ mom vapour will 
eidit in it; at 50^ it will contain still more ; at GO* the quantity 
will be still farther augmented : and if at this last degree the 
temperature of the flask be suddenly reduced to 40*» thai a cef- 
tain portion of vapour will be converted into water^-the quan- 
tity which retains the elastic form being precisely the same as 
when the temperature was originally at 40^ F. 

The tension or elasticity of vapour, however 
much the pressure may vary, so long* as the 
temperature remains constant and liquid^ enough 
is present for preserving^ the state of saturatioti 
proper to the temperature, which alone de- 
termines its tension. The presence of watery 
vapour in the atmosphere is owing to evapora- 
tion. All the accumulations of watery vapour 
upon the surface of the earth are 8ub|ectea by 
its means to a natural distillation ; the impurities 
with which they are impregnated remain be* 
bind, while the pure vapour ascends into the 
air, gives rise to a multitude of meteorological 
phenomena, and after a time descends again 
upon the earth as rain. As evaporation goes 
on to a certain extent even at low tempera- 
tures, it is probable the atmosphere is never 
absolutely free of vapour; the quantity how- 
ever, at all times, of the vapour present in the 
atmosphere is very variable, in consequence 
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of the continual change of temperature to 
which the air is subject: and even when the 
temperature is the same, the quantity of vapour 
is still found to vary, for the air is not alwajs 
in a state of saturation. At one time it is ex- 
cessively dry, at another it is fully saturated, 
and at other times it varies between these ex« 
tremes. This variable condition of the atmos- 
phere, as regards saturation, is ascertained by 
the hygrometer. * 

Constitution of the gases with respect 
TO Caloric— The experiments of Sir Humphrey 
Davy, and Mr. Faraday, on the liquefaction of 
gaseous substances, seem to justify the opinion 
that ^ases are merely the vapours of extremely 
volatile liq^uors, whose boiling point, under the 
atmospheric pressure, is lower than any natural 
temperature ; hence they are always found in a 
gaseous state ; but hy subjecting them to great 
pressure, their elasticity is so far counteracted 
that they become liquid. The process for con« 
densing the gases, consists in exposing them to 
the pressure of iheir own atmospheres. Most of 
these experiments are attended with danger, 
from the bursting of the hermetically sealed 
tubes in which they are made, that it becomes 
necessary for the operator to protect himself 

with a mask. See Pnilos. Trans, for 1823* 

■ " ■ ■ .. ■ ■ ■ » ■ ■ ■ . 

* An instrument which points out the state of dryness and mois- 
ture of the atmosphere. The hygrometric condition of the air may 
idso be determined by covering the bulb of a thermometer with a 
piece of silk or linen, moistenmg it with water, and exposing it to 
die air, which shew the rapidity of evaporation. The descent of the 
mercury, or the cold produced, will correspond to the quantity of 
▼apour formed in a given time. Of this kind is Mr. Leslie's 
hygrometer. 
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CHAPTER V. 

LIGHT.* 

** Hail, holy light ! offspring of heaven finUbom» 
Or of th* eternal co-cttrnal beam, 
Bright effluence of bright essence incFeale— 
Thy fountain who shall tell ? 

Q. What is light? 

Jl. Li^hi is an extremely attenuated matter, 
constantly transmitted from the sun, its origin, to 
the earth. 

Q, What is the nature of li^ht? 

A. Liglit is a peculiar substance, the nature 
of which is little understood; but it possesses 
many very singular and striking properties. 

06s, — Light is similar to caloric in many of its properties. 
They are both emitted in the form of rays, traverse the air in 

' straight lines, and are subject to the same laws of reflection. 
The intensity of each diminishes as the square of the distance 
from their source : hence it has been supposed that light and 

^heat might be modifications of the same agent ^ and though 

* With regard to light, we would mention the singularly useful, 
and hitherto unobserved fjfect of moonlight^ in assisiing the comple- 

, tion of certain important natural phenomena. The crystallization of 

' water, under the form of those light frosts which so much prevail 
during the early spring, and which are of such important service in 
asBisting the operations of agriculture, by rendering the surface of the 

• earth mellow, and better susceptible of the manure that is necessary 
to it, are greatly asusted, and m many cases entirely brought about 
by the intervention of moonli^t. It is well known, that under 
certain circumstances, water will sink to the temperature of 22^ be- 
fore it freezes, or takes the form of crystals. Indeed it will invariably 
do so in the absence of any mechanical agitation, and in the absence 
of light It is an unquestionable fact, but one which has not hitherto 
been observed generally, or attended to, that during that period of 
the year which has been alluded to, and indeed at other periods, be- 
fore the moon rises, on a still clear night, when the atmosphere is at 

. a lower temperature than 32, the water remains in a liquid state, but 
immediately on the moon rising, and diffusing its light around, the 
water freezes, and performs the salutary offices required of it, without 
subjecting us to the severity of a low temperature. — Gumey*9 Lee- 
turet on Chemistry, 
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BfOBi yenobs i^Aid them as indepeBdent ipdntipkMp yd fhey 
ai« oertainly allied in a way wbicb at pKsort is quite ioejqpUoobte. 

Q. How many kindU of light are there f 

A. There are two kinds of light, natural and 
artificial ; the former proceeding from the son 
and stars; the latter from bodies stronglj heated. 

Q. In what manner are the solar rajrs tramh 
mittedtous? 

<^. Ei Aer directlyy as in the case of sunshine ; 
or indirectly, in consequence of beinjp diffused 
through the atmosphere^ constituting day-light. 

O^.— The flolar lays pan 6eely through some solid and 
liquid bodies, hence called transparent, such as glass, rock- 
cryital, water, and many others, « which, if dai and in 
moderately thin layen^ intercept a portion of light that is quite 
inappreciable when compared to the quantity transmitted* 
Opaque bodies^ on the contrary, interc^ept the rays entirely, 
absorbing some of them, and reflecting others. In this respect, 
also, th^ is a close analogy between light and caloric^— for 
every good reflector of the one. will also reflect the other. And 
though transparent bodies permit the light to pass through 
theiD, they nevertheless exert considerable influence upon it 
during its passage; all the rays which fall obliquely bemg 
refracted, UtaX is, they are made to deviate from ihetr original 
direetion. It was this property of transparent media whfeh 
enabled Sir Isaac NewtOQ to discover the compound nature of 
the solar light, and to resolve it into its constituent parts, by 
means of a triangular piece of glass, called the prism, the action 
of which depends upon the different degrees of ftangibility of 
the seven coloured rays which compose a cok>udess one. The 
▼iolet ray snfiers the greatest refraction, and the red the least ; 
while the other colours of the rainbow He between them, 
disposed in regular succession, according to the degree oi 
deviation which they have individually experienced. The 
coloured figure thus produced is called the prismatic spectrumt 
which is always bounded by the violet ray on one side, and by 
the red on the other. 

D 



80 YIB8T. LIHBS OP CHBMT8TRT. 

Sir baac Newton described li^ht to be a 
stance consisting of small particles, constantly 
separating some Imninoos bodies, movinjg* in 
straight lines» and rendering both bodies luminous 
by jpassing from them and entering the eje.* 

Q. Is the solar light capable of producing any 
powerful chemical changes ?t 

^. It is so; and one of the most striking in* 
stances of this, is its power of darkening the white 
muriate of silyer, which takes place slowly in the 
diffused light of the day, but m' the course of a 
minute or two by exposure to the rays of the 
sun. 

Mem. — It appears from the observation of Mitter and WoT- 
laston, that the efiect thus produced is owing to the presence of 
certain rays that excite neither heat nor light, and ^tch, from 
their peculiar agency, are termed chemical rays. 

Q« What other changes • do the rays of the 
sun produce? 

A^ The more refrangible rays of lig^ht possess 
the property of rendering steel or iron mag- 
netic, 

O^j.^-The magnetic property of the solar rays was discover- 
ed in the violet ray by Dr. Morichini, of Rome; but as some 
eminent experimenters had repeated the experiments without 
success, the truth was involved in some degree of uncertainty. 
The fact, however, has been established by Mrs. Somerville, of 
London who, recently, laid her researches before the Royal So- 
ciety. Sewing needles were rendered magnetic by exposure 
for two hours to the violet ray; and the magnetic property was 

* Those wbo wish to become further acquainted with all the knomi 
properties of light, such as the refraction, inflection, &c., of its rays, 
may consult Newton's Optics, Fourcroy's System of Chemical Know- 
led^, and other papers by Herschel and Count Rumford, in the 
philosophical Transactions. 

Light is decomposable, by means of the prism, into seven distinct 
rays or colours. 
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Gomvauoicated in a shorter space of time wb^ the tiolet^rays 
were conceatrated by a lens. The indigo rays pottess }he 
magnetisiDg power almost to the same extent as the violet; and 
the blue aod green possess the sume power^ though in a less de- 
gree. Needles are also rendered magnetic by the 8un*s rays» 
transmitted through green and blue glass. 

Light has great effect on vegetation. It .also 
possesses the power of deoxidizing (depriving a 
Dodj of its ox^^en) several of the metajlic ox- 
ides, bj combiniBjg with their oxygen, to ifhich 
it gives wiog, as it were, to flj on from the gas. 
Many animals and insects have the property of 
absorbing light and givinff it out at pleasure; 
e. g. the glow-worm, the RghtniDg-bug (of the 
United States), the fire-flj in the West Indies, 
and mention i^ made in the Annual Register 
(1802), of a sparrow in Hindostan that has the 
instinct to light up its nest in the night time with 
glow-worms, which it collects for this purpose, 
and attaches them to the inside of its nest by 
means of a tenacious clay. 

Artificial Light. — Q. How are artificial 
lights procured ? 

A. By the combustion or burning of inflam- 
mable matter; or it is emitted by substances 
when strongly heated ; also by friction, or col« 
lision of one substance with another. 

Q. What is the cause of this emission of light 
from substances strongly heated? 

An A considerable accumulation of caloric. 

Q. What is this shining or glowing appear* 
ance of a heated substance called? 

A. Incandescence. 

Q. At what temperature do solids generally 
befifin to shine in the dark % 

^ d2 
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A. The tempemture at which wAids hegim ia 
riiine in the datk is between 600* and 700* of F. ; 
but they do not appear luminous in broad dajr 
till they are heatea to about 1000^ F. 

Q. Does the caloric of incandescent bodies 
vary with the intensi^ of heat f 

A. Yes! the first oefree of incandeseencey or 
kiminausne$$^ is an obscure red. As the heat in«f 
creases, this redness becomes more and more 
▼irid, till at last it acquires a full red glow. 
Andy should the temperature still continue to 
augment, the character of the ^low changes, and 
by denees becomes white, shming with mcreas* 
ing brilliancy as the intensity of the heat aiigi* 
mentB. 

06s, — Liquids and gases likewise beeome incandesoeiil 
when strongly belted; but a very high temperature is lequisita 
to make a gas luminous, more, indeed, than is sufficient for 
heating a solid body even to whiteness. The diflerent kincb 
o£ flame, as that of the common fire, candles and gas-lights, ar» 
instances of incandescent gaseous matter. So laige a quantity of 
caloric is evolved during the process of combustion that the body 
is made incandeseent at the time of being consmed. Those sub- 
stances are preferred for the purposes of ilkuninntion that yidd: 
gaseous products when strongly heated, which, by becoming 
luminous while they bum, constitute flame. The light derivojk 
from such sources difler from &e solar light in being aocompaf 
nied by the radiant caloric similar to that emitted by a non- 
luminoMS heated body. The free cadiant caloric may be se- 
parated by a screen of moderately thick glass; but the light so 
puri^ still beats any body that absorbs it, whence it would 
appear that it retains som^ calorific rays which, like those in 
the solar beam, accompany the luminous ones in thei^ passage, 
through solid transparent media. {Powell^ in PhiL Trans, 
1825.) 

Phosphorescence»-^Q. What is phosphores- 
cence f 
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A* Pbosphor^eence is a lig^ht emitted by some 
sub^aiices at eommon temperatiurefi^ axkd whidi 
^ives rise to an appearance thus called. This 

Sbenomenii seems owia^, in some instaac^s, to a 
irect absorption of light which is afterwairds 
slowly emitted. 

£271^ — ^A Y»mt>oBiti6n nade by bealuig to iiedaoBs a n^ilcture 
cf cakinod OysUr ih«lls iuad sulphur> kaown by the naoMe of 
Ciintoa'9 {jhospboniiy potaesies this pratperty ia a very remark* 
able dGjg;ree. It thiaes so itrbngly for a few minutes after ex» 
pooure to the l%ht, that whea removed to a dark room the how 
Oft a watdi opay be didHnotly noticed by it. After some time 
^^oeases to be lumiBou^ but it regains the property when ex- 
posed ^ur^ a short intenral to light No chemical change 
atteada the phenomenon 

Another species of phosphoresoence is ob« 
^serrab^e in some bodies when they are sttongly 
beated« A piece of marble, for instancet heated 
to a degree which would make other bodies red, 
«mits a brilliant white li^ht of such inteDisity that 
ihel eye cannot support me impression of it. 
, A third splscies of this singular emission of 
I^bt is observed in the bodies of some animals, 
^tfaer in the dead orlivin^ state. Some marine 
anunals, and particularly fish, possess it in a re« 
markable degree. It may be witnessed in the 
body of the herring, which begins to , phospho- 
resce a day or two after death, and before any 
variable sign of putrefaction has set in. Sea 
water is capable of dissolving the luminous 
matter; and it is probably from this cause that 
the waters of the ocean sometimes appear Uimi- 
nous at night when agitated. This appearance 
is also ascribed to the pressure of certain ani- 
malcules which, like the glow-worm or fire-fly, 
are naturally phosphorescent. 

D 3 
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Q. What is the name of the instrument used 
to measure com(>arative intensities of light f 
• A. A photometer : the only one employed 
for estimating the relative strength of the sun's 
light is that of Mr. Leslie. 

Q. Describe Mr. Leslie's photometer. 

ii. It consists of his differential thermometer, 
with one ball made of black glass. The clear 
ball transmits all the luminous rays that fall 
upon it, and therefore its temperature is not 
effected by them all ; they are all absorbed, on 
the contrary, by the black ball, and by heating 
and expancnnfi^ the air within it, cause the liquid 
to ascend in the opposite stem.^ The whole in- 
strument is covered with a thin case of glass, 
the object of which is to prevent the balls from 
being affected by currents of cold air. The 
action of this photometer depends on heat pro* 
diiced by the absorption of light. 

. Obs, — Mr. Leslie conceives that light, when ahsotbed, is 
converted into' heat; but according to the experiments alreadjr 
referred to» the effect must be attributed, not so much to the 
hght itself, as to the absorption of the calorific rays which ac- 
company it. Mr. Leslie> photometer is also recommended to 
determine relative intensities of artificial light, such as that 
emited by candles, oil, or gas. 

A second kind of photometer, invented by 
Count Romford, is on a totally different prin- 
ciple. ' It determines the comparative strength 
of lights by a comparison of their shadows • and 
is susceptible of great accuracv when employed 
with the requisite care ; * but like the foregoing", 
its indications cannot be trusted when there is 

much difference in the colour of the lights. 

- 

* See an Essay on the GonsCmdioii of Coal Gas Bunert, in th« 

Edinb. Fhilos. Journ. for 1825. 
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CHAPTER VI. 



ELECTRICITY. 



Q. What have you to say with regard to 
Electricity? 

. ,^. Electricity is now very general^ regarded, 
like the other imponderables, as a highly subtle 
elastic .fluid, too light to affect pur most delicate 
balances, moving^ with inconceivable velocity, 
and present' in alrbodies. It is one of ,tbe mosi 
active principles in nature. It is the cause of 
thunder and lightning; the phenomena of 

f'alvanism, and probably of inagaetism are pro* 
uced by it ; and it exeria such ^n influence 
over chemical changes, as to have given plau- 
sibility to the Botion that it is the cause of 
thenu 

Q. How may electricity be excited ? 

A. It may be excited- in all solid substances 
by friction j 

Q« How do yt)u account for this assertion^ 
which, at first view, seems contrary to &ct? 

^. It is well known that a metallic substance* 
if held in the hand, may be rubbed for any 
length of time without exhibiting the least si^n 
of electricity, an observation which led to the 
division of bodies into such as maybe excited 
by friction, and unto those which give no sign of 
excitement under similar circumstances; the 
former of which were called electrics^ the latter 
kowelecirics. This distinction, however, is not 
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founded in nature. A metallic substance does 
not indeed exhibit anj trace of electricity when 
rubbed in the same way as a piece of glass ; but 
if, while it is rubbed on the drj fur ^ a cat, it 
is supported with a glass handle, it will be 
found to attract liffht bodies near it (see Exp. 
p. 69). ^ "^ ^ 

03#.— The difficulty and appaient impotibility of aciting 
ttfilalHc bodio, reotivm an explaoatioa from the foUowhig 
facts:— it has been obaerred by philoiopfaen, that the electritf 
floid paiBes with gwat fteiltty dvcr tiie Borfaoe of some nih- 
stanocai amd with difficulty over that of oihen; helice the^ 
have beeik M to divide bodies ittio ooadtBlon and noo- 
conducton of etectncity. 

Q. What Substances belong to the dafis of 
electrical conductors? 

^. To this class belong the metals, charcoal, 
plumbago, water, and most substances which 
(k>titain water in its liquid state, such as animals 
aikd plants. 

• <?. What are these which belong id the Itet 
of non-conductors of electricity? 

^. To this description belong glass, rerin, 
stilphur, the diamond, dried wood, precious 
stones, silk, . hair, and wool. Atmospheric aif 
is also a non*conductor $ were it not so, no sub- 
stance could retain its electricity when sur- 
rounded by it. Aqueous vapours suspended in 
the air injure the non-conducting propertied 
6f the latter, and hence electricafexpenrntotS 
do not succeed so well when the air is charged 
With moisture aS when it i£i dry. 

06s, The pressure of a little moisture communicates con- 
ducting properties to flie worst n6n-conductor, and hence it 
ii impossible t6 excite glass by rubbitig it with a moist sub- 
stance. 



/ 
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Ji. Is friction the only exciter of electricity ? 

Jl, No: the electric fluid is often disturbed 
by chemical action, or by the mere contact of 
two substances of a different kind, as when a 
plate of zinc is made to touch a plate of copper. 
The same body is sometimes excited by different 
parts of it being; unequally heated. Electricity 
IS developed during various natural processes 
on evaporation, and the condensation of vapour, 
which may assist in accounting for certain 
electrical phenomena of the atmosphere. 

Q. Are there any other causes of excitement 
by which electricity may be produced? 

A. Yes: proximity to an electrified body, 
which has a tendency to induce an electric 
state opposite to its own. 

Q. Give us an instance % 

A. An excited stick of sealing wax attract^ 
light bodies in its vicinity, because, being itself 
negative, it occasions them to be positively elec- 
trified. When the inside of a ^lass bottle is 
rendered positive by contact with the prime con- 
ductor of the electrical machine, the outside 
of it, if in communication with the earth, be- 
comes negative. 

Obi. — Oa this last depends the construction of the Leyden 
phial, which is merely a glass bottle or jar, coated to within 
three or four inches of the top, both internally and extemally, 
with tinfoil. The aperture is closed by some non-conducting 
substance, through the centre of which passes a metallic rod 
that communicates with the tinfoil in the inside of the jar. 
The phial is charged by holding the outside of it in the hand^ 
or placing it on the ground, while the metallic rod is made to 
receive sparks from the prime conductor. If in this charged 
!^te, -the two surfaces are made ta communicate by means 
of some conductor, the elastic equilibrium will be iostaiitiv 

D 4 
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leitorad. An deetriod battery is composed of a leilet of 
Leyden phials communicating with one another. The bat- 
tery is charged and discharged in the same manner as a single 
phial. 

Q. How is the electrical machine constructed? 

A. The electrical machine consists of a large 
cylinder, or plate of glass, which is made to re- 
volve by means of a handle, and is pressed dur- 
ing its rotation by cushions stuffed with hair, so 
as to produce considerable friction. The posi- 
tive electricity excited on the glass is conducted 
away by insulated bars of brass or other metal, 
called the prime conductor, where it is collected 
in considerable quantity. The advantage of this 
arrangement is, that the electricity spread over 
the whole surface of the prime conductor, passes . 
at once to any substance which touches one point 
of it. 

Q. How many kinds of electricity are there f 

•^. Two : positive and negative ; the first 
corresponds to the vitreous, the second to the 
resinous electricity of Dufay. 

, t)ls, — ^The phenomena of electricity admit of being explained 
by both of these theories ; but that of Dr. Franklin is com- 
monly preferred in this country. 

Q. How do you know when any substance is • 
electrically excited, as well as the kind of elec- 
tricity which it possesses ? 

A* By a knowledge of the electrical attrac- 
tions and repulsions: for instance, a body is- 
known to be m an excited state by its power of 
attracting light substances, or by causing two 
pith balls, suspended by silken threads, to repel 
one another when brought in contact with them. 

Q. How may the strength of electricity be 
estipaated? 
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A. The strength of electricity maj be esti-> 
mated by the. extent of the divergence.. 

0^i.-*JnBtnini«nto for asoertaioing the extent of the direr- 
gence of electrieity are called Electroaoopes and Electrometen ; 
9Dd one of the moat efficient for this purpOBe, is that invented 
by Mr. Bennet, which is made of two slips of gold leaf, and 
is hence called the gold leaf electrometer. 

Exp. — U a pith ball, suspended by a silken thread* is ren- 
dered positive by being touched with an excited stick of glass, 
it will of course be repelled* by presenting a positively electri- 
fied body to iti.aad, on the contrary, it will attract by one 
which is negative. In this way the kind of electricity may be 
determined. 



CHAPfER VII. 



GALVANISM. 

Q. What are the circumstances to which we 
are indebted for the name and origin of the 
science of Galvanism % 

A. To experiments made on animal irritability, 
by ualyaniy about the year 179L 

Obs, — ^In the course of his investigations, Galvuii disco- 
vered the fftcty that muscular contractions are excited in the 
leg of a frog recently killed, when two metals, sych as zinc 
and silver, one of which touches the crural nerve, and the 
other muscles to which it is distnbuted are brought into con- 
tact with one another. He imagined that the phenomena thus 
produced were owing to electricity present in the muscles, and 

* Far attraction «nd repulsion, see Affinity^ &c. 
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IW ttie neteb Mly Mrv«d tbefyraMaMsetf Aooftdtidor: alio. 
tiMtanimal didtfoity originaled in tlite btite, #as dnlribatad 
to tfoy pait of the gyileiii^ sad leiided ptitioBfaaly in the 
muielet. H« wu of opinion timt tlw diffaent paid ol oMsh 
Bwcular fibtil were in oppovto ilMii of electrical eicileniaiity 
like tlie two aiirfMaei of a chained Lsydenphiely and tfiateon* 
tnctioDs took place wlienever the electric eqidlibnam waa v^ 
stored. This be supposed to be eflected during life throi|^ 
the medium of the Derres, and in his ezperimenti by the in- 
tervention of metallic oondocton. 

Q. Did these yiews of GaWani meet with anj 
opponents f 

A. Yes, with several ; one of whom, the cel^ 
brated Volta, succeeded in pointing out their 
fallacy. He maintained that electricity was ex- 
cited by the contact of the metals ; that the ani^ 
mal substances merely acted as conductors in 
restoring the electric equilibrium at the moment 
of its being distributed ; and that the contraction 
was produced by the stimulus arising from the 
passage of electricity along the nerves and mus- 
cular fibres. And to prove that electricity was 
excited in the manner he supposed, he brought 
plates of different metals, as zinc and silver, in 
contact with one another, and examined their 
electrical state, at the moment of separation, by 
means of a delicate electrometer — ^for which 
purpose it was found necessary to insulate each 
of tne metallic discs, by supporting them on a 
handle of glass or resin. By this precaution, it 
was found that both the metals were excited, the 
silver negatively, and the zinc positively. 

Q. As the quantity of electricity produced by 
any two metals is small, what means did Volta 
adopt to increase the effect? 

A. By employing several pairs of metals. 
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which he connected in such a manner that the 
electricity excited by each pair should be diffused 
throughout the. whole series — an attempt which 
led him to the construction of the Voltaic pile. — 
(See a description of it in Phil. Trans.j 1800.) 
Q. Of what does the voltaic pile consist f 
A. It consi^ of any number of pairs of zinc 
and copper, or zinc and silver plates, each pair 
bein^ separated from the aajoinin^ ones by 
pieces of eloth, nearly of the same size as the 
plates, and moistened in a saturated solution of 
salt. The relative position of the metals liiust be 
the same in the whole Series — ^namely, if the 
copper be placed below the zinc in the first 
combination, the same order must be preserved 
in all the others. The pile is contamed in a 
proper frame, formed of glass pillars, Axed into 
a piece of thick wood whi<;h both supports and 
itisulates it. 

05s. — ^The voltaic pile is now rarely employed^ because w« 
possess other modes of forming galvanic combinations of a more 
powerful and convenient descriptioil. 

Q. What other means are employed in the 
formation of galvanic combinations ? 

A. The galvanic battery proposed by Mr4 
Cniikshank, which consists of a trough of baked 
wood, about thirty inches long, in which are 
placed, at equal distances, fifty pairs of zinc and 
copperplates previously soldered together, and so 
arranged that the same metal shall always be on 
the same side. Each pair is fixed in a groove 
cut in the sides and bottom of the box, the points 
of junction being made water-tight by cement. 

0^i.*-The apparatus thus constructed is always ready for 
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uie» and is brought into action by filling the cells left between 
the pairs of plates with some convenient solution^ which serves 
the same purpose as the moistened doth in the pile of Volta. 

Other modes now in use to facilitate the em- 
ployment and increase the energy of galvanism, 
are the trough, made either of oaked wood or 

S^azed earthenware, divided into partitions of 
e same material, &c. The largest battery 
ever constructed is that of Mr* (Jnildren, de-. 
scribed in the same paper. The great battery 
of the Royal Institution is composed of 2000 
pairs of plates, each plate havmg 32 square 
mches of surface. It was by this that Sir Hum- 
phrey Davy was enabled to effect the decom- 
position and determine the constitution of the 
alkalies, on a discovery which at once extended 
as much the boundaries of chemical science, as 
it conferred honour on the discoverer. 

The action of the galvanic trough is always 
attended by chemical changes between tne 
liquid of the cells and one oi the metals with 
which it is in contact. 

In constructing a galvanic battery, each 
member of the series must consist either of one 
imperfect and two perfect conductors, or of 
one perfect and two imperfect. Amon^. the 
good or perfect conductors are the metals and 
charcoal. The imperfect conductors are water, 
and saline or acid solutions. 
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Table of some Electrical Arrangements which^ 
by Combination^ from Voltaic Batteries^ are 
composed of two Conductors^ and one imper^ 
Ject Conductor. 



^inc 

Iron 

Tin 

Lead 

Copper 

Silver 

Gold 

Platina 

Charcoal 


£ai!h of these is the 
positive pole to all the 
metals below it, and ne- 
gative with respect to the 
metals above it in the 
column. 


Solutions of Nitric Acid. 

Murratic Acid. 

Sulphuric Acid. 

Sal Ammoniac. 

Nitre. 

Other Neutral Salts. 

1 



Table of one Conduotor^ and two imperfect 

Conductors.* 



i 



Solution of Sulphur & Potash 
Potash 



99 



ff> 



Copper- 

Silver 

Lead 

Tin' 

Zinc 

Other Metals 

Charcoal 



Nitric Acid 
Sulphuric Acid 
Muriatic Acid 
Any other Solu- 
tions contain- 
ing Acid. 



Ods. — In all combinations in which the fluids act chemi- 

> 

cally by affording oxygen, thiB positive pole is always attached 
to the metal which has the strongest affinity for oxygen ; and in 
all combinations in which one metal is concerned, the surface 
opposite to the acid is negative, and that in contact with the 
solution of alkali and sulphur, or of alkali, is positive. 

The more remarkable eflTects which the gal- 
vanic battery is capable of producing may be 
considered conveniently under four heads: 1st. 



* These tables are taken from Sir H. Davy's Elements of Cher 
tmctH Philosophy, and contain some series of perfect and imperfect 
conductors. t ^ 
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It^ electrical phenomena. 2d. Its chemical 
agfency. 3d. Its power of igniting the metals ; 
-and 4th. Its action on the magnet. 

Dr. Wollaston (Phil. Tr. for 1801) has shewn 
that all the chemical effects of the galvanic 
battery may be produced by electricity, as well 
as all the common electrical experiments by 
means of galvanism* 

Theory of the Galvahig Pile. — There are 
three theories concerning the action of the voU 
taic pile or battery. Voita, with whom the first 
originated, in forming his theory, left out of view 
the chemical chang'es ^oing on between the 
metab and the fluids in contact with them; 
whereas it was apparent that these changes con- 
stituted an important, if not an essential, part of 
the process. Tor it was observed that no sen- 
sible effects were produced by a combination 
formed of substances which have no chemical 
action on each other ; that the action of the pile 
is always accompanied by the oxidation of th^ 
zinc ; and that its energy is almost in exact pro- 
portion to the rapidity yriih which the oxidation 
takes place. It was these observations which in<* 
duced Dr. Wollaston to conclude that the pro^ 
cess befifios with the oxidation of the zinc^-that 
tike oxiaation is the primary cause of the electric 
phenomena — an opinion, in support of whrch he 
published several ingenious exoeriments in the 
Philosophical Transactions for loOl. This forms 
the second theory of the pile, and is in direct 
opposition to that of Yolta* 

The third theory, or that proposed by Sir H. 
Davy, is intermediate between th^ two pre* 
ceding. In this, it was inferred, form numerous 



J 
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experiments/ that there is no reason to question 
the fact^ dri^inallj stated by Volta (See p. 60), 
that the electric equilibrium is disturbed bj the 
contact of different substances without any 
chemical action taking place between them; 
and his conclusions appear to be justified bj 
subsequent observers. But he perceived, at the 
same time, that the chemical changes, though 
not the primary cause of the phenomena, are an 
easentiaf part of the process ; that without them 
no considerable degree of galvanic excitement 
can ever be produced. In the opinion, thei^e* 
fbre, of Sir H. Davy, the action is commenced 
by the contact of the metals, and kept up by the 
chemical phenomena. ' 



CHAPTER VIII. 

ALKALIES.* 

Q. What is the nature of an alkali f 
A. The alkalies have an acrid and urinous 
taste ; they change the blue juices of vegetables 
to a green coloiir, and the yellow to a brown ;t 
and have the property of rendering oils durable 
with water. They are incombustible, but may 
be rendered volatile by great heat. They are 

« The word alkali is of Arabian origia, and signifies the dregs of 
bitterness. 

t Although this effiKt of alkalies on the blue juices of ve^tables is 
almost uniyersal, we know of one exception; namelyi tincture of 
litmus, and litmus paper, are always rendered more intensely 
Hue, by the addition of alkalies. 
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soluble in waler, form various salts by ciwibina* 
tioa with acids;* and act as powerful caustics 
when applied to the flesh of animals. 

Oii.^li weim that Uw ctotidty of alkalies depends on 
cfacniktl affinity* and that the cantlc svbftanoe conodei the 
maher to which it is applied* in cooaaqoenoe of its tendency to 
unUe with that matter; and that it oontiniiea to act upon it 
iVktil it has saturated itself by the combination. 

Exp^'^U a piece of animal flesh be pot into a diong soln* 
tkm of potass oraoda, it will immediately be adad upon by the 
alkali* and soon be entirely disMlved. 

' Q. How manj alkalies are there f 

A. Three ; two of which have been called 
Jlatedi and the other the volatile alkali. 

Q. Which are the fixed alkalies % 

A. Potassf and soda are called the fixed 
alkalies, because they will endure a g^reat heat, 
and still remain unchanged. 

Q. What are the alkalies composed off 

A. Till latterly the fixed alkalies were con« 
sidered to be simple substances, in consequence 
of chemists not having been able to decompose 
them ; but they are now found to be compound 
bodies .% 

Q. How is potass procured ? 

A. It is chiefly procured by lixiviatioi| from 
the ashes of burnt wood, ana other vegetable 
substances ; but as it exists in minerals and 

* Potass becomes comparatively mild by its union with carbonic 
add ; and the most caustic soda, it united to corrosive muriadc add, 
forms the mild salt used at our tables. 

t Modem chemists call the pure vegetable alkali potcus, whereas 
the article of commerce is called potash. Soda takes its name from 
the SflJcola plant, which g:rows on the Spanish coast, where it is burnt 
for its preparation. 

t The late galvanic experiments of Sir H. Davy have confirmed 
the truth of this conjecture, and proved, beyond all doubt, that potass 
and soda are both metallic oxides. 
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earths; thefe is reason to believe that plants 
receive it from the earth during vegetation': 
hence it may be proper to entirely discard. the 
word vegetable vrhevL speaking of tnis substance* 

Q. Fi*oiA what substances is soda derived.? . 

A. From the a^es of mdrine plants ; but its 

treat depository is the ocean» soda being the 
ase of sea-salt, or muriate of soda. 
Obs.^^0\a»^ was called tbeTegetat>le alkali, because it was 
supposed to exist only in vegetables, though it is now found in 
some minerals. Soda was called mineial alkali, because it ei^ists 
in mineral salts ; although it is also procured by chemical process 
fiom sea-salt, which is found in numerous masses under the 
earth's sui&ce in many countries, particularly in Poland, 
Hungary, Spain and England. 

Q. How do you account for marine plants 
giving out soda^ while those which grow m the 
mterior of the country afford potass? 
' A^ This can only ne accounted for by sup« 
posing that vegetables have the power, during 
vegetation, of cfecompOsing sea-salt, and retain* 
ing the soda in their constitution. 

Q. In what other state is soda to be met 
with? 

A. It is likewise found in great plenty cpm- 
bined with carbonic acid in the native beds of 
Egypt, and in the West Indies ; it also occurs in 
various other parts, of the world, though never 
in a state of purity. 

-Q. What are the distinguishing properties of 
these two alkalies? 
• A. The fixed alkalies are very similar in their 

general properties ; but are easily distinguished 
y the variety of salts which they form with the 

• — ■ * ~t- — — - - 

* This alkali was fonnerly procured by burning vegetables in large 
ifon pot»*>henoe it acquired the name of fwtath. 
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acid J aod by potass betn^ more deliquescent 
than soda. 

Q. By what chetnieal test can you distinfuish 
these two alkalies f ^ 

^. There are many tests by which these 
alkalies may be distinj^uished : put a solution of 
the one of ptattna in nitro-murtatic, and it will 
answer this purpose most completely. 

<?. What are the principid uses of these 
alkalies f 

•tf. The fixed alkalies have rarioos uses in 
surgferr and medicine ; they form the bases of 
Several salts ; are employed much in the arts ; 
and are of great importance to the analytical 
chemist. 

tUi^ThB gMtetl osn8iiiii))tk» of (he fisted alkalitt in this 
tcmtxy is to Uie tnaDUfaMoie of soap. They kre ako Istgelf 
employed in bleacliiitg.iiDd in the inratifiiauie of glasi. Soda 
ht4 the property of fmag akOL ef which gliii i^ made, with 
more facility ttmst potan. The alkalies an also employed to 
^ualitate the GKtsaetioB of the ootooring matter fiomafew of 
the foreign woods, amL in some pmcesses to precipitate the 
doloarsfirom metallic salts. 

In most of the manufactures soda is preferred 
to potash, because it is much less acrid, and does 
not attack or weaketi the texture of linen g'oods^ 
nor corrode and destroy utensils of wood, metal, 
&c., as potash does. 

Without an alkali, many of the colotirs ma* 
nu&ctured in this country could not be made : 
for instance, animal matters are always incin- 
erated with an alkali to form Prussian blue ; or 
fixed alkali is also employed as a flux in the form- 
ation of the potter s blue from cobalt ; and 
what are called French and mineral green are 
made by precipitating copper from its solutions 
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by means of these alkalies. They are also em- 
ployed in making alum; in bleaching linen, 
scouring wool, and in many other processes too 
various to be enumerated. 

Q. From what part of the world is this coontry 
supplied, with these articles 9 • 

X The greatest part of the potass used m this 
country comes from Ameriica and Russia ; but 
the kelp of our own coasts and the barilla of 
Spain, and of the islands of Teneriffe and Sicily; 
furnish us with the greatest portion of our mine- 
ral alkali. 

Q. Are these articles sold in a state of purity Y 

^. No : both potash and soda always contain 
carbonic acid and water ; and are often conta- 
minated with earths, sulphur, and other im- 
purities.* 

Q. Have alkalies any peculiar affinity for sul- 
phur? 

A. Both potash and soda» as well as ammonia, 
have a strong affinity for sulphur ; they combine 
by trituration or heat, and form sulpburet of 
alkali, formerly called ^^ liver of sulphur." 

E^. — ^If equal puto of sulpfaur and puoe pota^ be triturated 
tog^her in a mor(ar» the sulphur wiU soon acquire a green' 
colour* the tempeiatitfe oi the mixture will be raised, and a sul-- 
phurtUe of potash fonned. Carbonate of soda or potash wi!f 
answer for this purpoee as weU as the pure alkali, if heat be 
employed. 

Q. What are the properties of sulpfauret of 
alkali? 

* The ash, which contUDs twenty per cent of pure alkali, k ca- 
pable of f^tng up fifteen parts of surpnur. Such asnes may be desul- 
l^mrated three ways. i. By calaning them in an open furnace, 
ocposed to a rapid blast of air; 2. By saturating them with any 
vegetable acid ; 3. And by exposing them in a situation to imbibe 
carbonic add. (Sm JPfti^ ZVaiM. j^ 1780.) 
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A. Id colour it resembles that of the liver of 
aniihals ; its taste is acrid and bitter, and it has 
the property of decomposing water. 

Q. How are the alkalies of commerce purified 
for use f 

A. In order to purify potash or soda, it is 
generally mixed with a portion of quick lime, 
to direst it of its carbonic acid, and Uien lexivi- 
ated in proper vessels to obtain a solution of 
the caustic alkali, free from other impurities. 
When it is required perfectly pure for nice pur« 
poses, the alkali is dissolved in alcohol, and pu- 
rified by a similar process.* (See ThomwtCs 
Note$ on JP'&urcratf^ vol. i. p. 37o ; also, Lowitz 
Oft Nichobim^s Journal, vol. i. 4.) 

Q. Are the fixed alkalies ever used in a state 
of combination with carbonic acid? 

A. Carbonic acid gives potash and soda the 
property of crystallizing readily ; it also renders 
them mild, and fit for purposes in which caustic 
alkali would be improper ; hence carbonate of 
potash is employed in medicine, and carbonate 
of soda for washing and other domestic uses. 

Oi^«. — Dr. Henry has suggested that the fixed alkalies may 
be purified from sulphate of potash, which generally contamt- 
nates them, by means of barytes, by rendering the alkali per- 
fectly caustic by quick lime» and then adding to the clear solu*. 
tion a warm solution of pure barytes earth till the precipitation 
ceases. The barytes seizes the sulphuric acid, and leaves the 
alkali purej which may be afterwards saturated with carbonic 
acid. During its restoration <o a inild state, any barytes that 
may remain in excess is precipitated. 

Carbonate of soda and carbonate of potash. 

* Sir H. Davy has shewn the potash obtained by alcohol is not. a 
pure alkali, as Kas been imagined, but a compound . of potash and 
water, containing between seventeen and eighteen of the latter. 
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are of use in chemical laboratories sls re^agenis, 
being employed for purposes which could not 
be effected by the caustic alkalies. Thus the 
two fixed alkaline carbonates will precipitate 
barjteSy strontian, lime, magnesia, manganese, 
and iron from their solutions, by means of dou- 
ble affinity. But when these re-agents are em- 
ployed to precipitate either of the three latter 
substances, if too much be used, the precipitate 
will be re^dissolved : some surety therefore is 
requisite in separating magnesia, manganese, 
and iron by this means from their solutions. 

Q. What is the name of the volatile alkali, 
and its properties? 

^. It is called ammonia: it is urinous and 
caustic; but it does not, like potass and soda, 
corrode animal substances. Its most simple state 
is that of gas, which is lighter than atmospheric 
air in the proportion of 3 to 5 ; and, like it, it 
is elastic and invisible, but it causes the death of 
animals that are obliged to breathe it. In some 
of its combinations it is so extremely volatile that 
it will bear no degree of heat without being dis- 
sipated. It has another peculiar property, that 
oi reducing the oxides of metals to a metallic 
state. Ammonia being composed of hydrogen 
and nitrogen, the hydrogen seizes the oxygen 
from the metal, and forms water^ while the 
nitrogen escapes in a gaseous form. Some 
metals are oxidized and dissolved in liquid 
ammonia. 

Q. As this alkali is a gaseous substance, how 
has it ever be|a used in the arts. 

A. Ammonia has an affinity for water, with 
which it readily combines, and forms liquid am- 
monia, in which state it is generally used. 



7^ Fiitff U9W w omummr. 

O^.— It U owiBg to Um k«itf Qf anuftoiwi tM Witet be- 
comet specifically lighter in fvopoiticm to the quantity of g^ 
it cottaioB. Next to hydrog^, and carbunetted liycbrofpB, 
aouDonia is the lightest of all the |;a«eou« bodies. lUapotifio 
gravity compared with hydrogea is as eight to one. Qae hnd- 
died cubical inches of it weigh about eighteen giaina. 

Q. What 18 the composition of ammoniaf 
Am Ammonia is composed of bjdrogea and 
mtrogen, ia the proportion of about two parts 
of the former ana eight of the latter* 

0^.-*X)ne thousand parts of ammonia consist of eight hmi- 
died and seven parts of nitrogen and one hundred and oinati^ 
three parts of hydrogen* This ia the result of experiment; but 
Sir Humphrey Davy has, by means of galvanism, aeparated a 
peculiar subktanoe'of a metallic nature from ammonia. 

Exp, — ^Take some -filings of tin or zinc, pour on them some 
moderately dilute^ nitrous acid. After a short time stir into Ihe 
mixtute some quick Ume, or caustic alkali, and a very strong 
pung^ smel) of ammonia wiU be produoed. 

Q. Is ammonia capable of being decom- 
posedf 

A, Yes : it may be decomposed by the electric 
spark* Oxygen gas will also decompose it by 
the assistance of neat, and the nitrous acid and 
water will be the result If passed oyer red hot 
chatooal, it will combine with part of the char- 
coaI» and form pruasic add. 

Exp. — ^To shew the decomposition of ammonia, fill four- 
fifths of a long ghss tube with strong oxygenized muriatic acid, 
and the remaining fifth with water strongly impregnated with 
ammonia, and invert it in a saucer pf water. When the tube is 
inverted, the ammonia, on account of its lightness, wHl pa^ 
through the oxygenised muriatic add; bu# by its passing, a 
strong eiewescence is produoed, and a decomposition ensues. 
When the efiervescence has cesoed, a portion of nitrogien gas 
will be found in the tube. 



FTRST'LHISS OY CRBHI8TRT. 78 

Q. What ir^ke effiect of 'gftlraiifsm on am^ 
flMmiaf 

A. If ammonia be decomposed in contact 
with mercurj, a rerj different result may be 
obtained bj means of galvanism ; for, in this 
ease, a metallte snbstance of a very uncommon 
aatnre meay be extracted from the alkali. 

035. — ^Mercury m feontiiiiiBfam with kbout one-twelve-thou- 
mMih part of its weight of new matt^, is Tendered a solid, and 
irt'^heskisie time so expanded in volmne that' its specific gravity 
is Aaac^fimn ldl5tb' less' than 3; Wl^le all its metallic cha- 
xaeteiV of colour;iiiM,' di^acity, and conducting power, ramaia 
ttoimpatred. 

Q, * How is ammonia procured ? 

Ai From all animal and vegetable substances 
in a stStte of putrefaction. Jn England, however, 
it*'is generally procured by a dry distillation oi 
bones, horns, and other animal substances. It is 
dso found m mineral waters. According to Dr. 
Austin, ammonia is formed whenever iron rusts 
in Water which has a free communication with 
the air. 

P^#.— For chemical experiments ammoniacal gas .may be 
procured as follows : — Mix one part of powdered sal-amtaonia 
with two parts of powdered quick lime in a retort, and apply 
the heat of a lamp, which will disengage the gas in abundance. 
On account of ito afiinity for water, this gas must be received 
over mercury. 

Ammoniateil ^as ma^ also be procured by 
heating strong liquid ammonia, and collecting 
theg^as as be^re. 

Muriatic or acetic acid are the usual tests em-» 
ployed to discover the presence of ammonia. If 
either of these be held over anything evolving 
anmimiia, white Amies will appear, whteh are 

E 
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owiD^ to the ammoiiia unitiog with the acid, and 
fornuDg^ a visible cloud, which b a true neutral 
salt in vapour. 

Q. What are the uses of ammonia f 

•^» In a liquid state, ammonia has various uses 
in our manufactures, and in medicine; it is a 
valuably re«agent to the chemist, and when com»* 
bined with carbonic acid it takes a concrete 
form and a beautiful white colour, being iheia 
the article known in commerce by the name of 
volatile salts. It is also serviceable in dying and 
in staining ivorj; but its principal use i$ in 
making the muriate of ammonia, of which h is 
the basis. In tinning metals it is of use « to 
cleanse the surfaces, and to prevent them from 
oxydizing by the heat which is given to then), in 
the operation. This salt is also employed in the 
assay of metals to discover the presence of iron. 

Q. How is ammonia formea into muriate of 
ammonia? 

A. By combining ammonia with muriatic 
acid. ^ 

Q. Muriate of ammonia being formed by two 

Sraseous substances, how does it acquire a solid 
orm? 

•4. The bases of these gases having a greater 
affinity for each other than they have Tor caloric, 
they combine intimately whenever they come in 
contact; and the compound having less occasion 
for cfiloric than the separate ingredients, the 
caloric is given out, and a solid is produced. 

06s. — ^This mixture may be considered one of the most 
itrikiog chemical combinations with which we are aieqiiainted. 
Ammpniacal gas, and muiiatic acid gas* are two of the nxist 
puQgent and volatile substances known; they are so ToUttUe 
a])4 gaseous that when in a state of purity neitl^er of th^m can 
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be coiideined; and yet these gates are no so&ner tbMim toge^ 
ther. than tey fonn 8 -solid' and inodorous auibs&noet void of 
volatility* and of little taste. 

Q. From whence was sal-ammoniac procured 
before it began to be made in this country f 

•tf. Sal-ammoniac was formerly brought from 
Eg^ypt ; but it is now made in various parts of 
€h*eat Britain, particularly in Scotland, where it 
is fbrmed by a peculiar process from soot. 

Ql Is ammonia capable of entering into any 
other combinations f 

jf . Yes ; ammonia is capable of forming salts 
with most, if not all the acids. 

' 08s,-^lf ammoniacal gas be brought into contact with either 
of the acid gases, both lose their aeriform appearance, and a 
s^d salt is produced. These salts are called ammoniacal salts; 
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CHAPTER IX. 



THE VEGETABLE AiiKALIES. 

The honour of cliscovering this class of alkalies 
is due to Sertuerher, a German apothecary. .The 
chemists who have cultivated this department; 
with success are M. Robiqitet, and MM. Pelle-. 
tier and Caveftton. 

According to Pelletier and Dumas, all the 
vegetable alkalies consist of carbon, hydrogen, 
oxygen, and nitrogen. They are eai^ly decom- 
posed by nitric acid, and by heat, and s^nimonia 
is always one of the products of the desttuotiva 
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ThMe alkalies, for tbe . msC- pari, 
are yerj^ insoIuUe in water, and sparinffly so in 
cold alcohol ; though they are readilj owolyed 
bj the latter at a boiling' temperature, being 
deposited from the solution, commonly in the. 
form of crystals on cooling. Most otthe salts 
ace ,fiir' more soluble in water than Ibel alkalies 
themselyes. As the vegetable alkalies a^ee in 
several of their leading chemical properties, the 
mode of preparing one i of them, aovits with 
slight variation to all. * 

modm of preparing ike VegHable AlkalietsT^ 
Thesubstance containingtheprincifile is digestad, 
or more commonly macerated, in a la|rge qiiaa- 
tity of water, which dissolves the salt, the base 
pf which is the vegetable alkali. On adding 
some more powerful salifiable base (potassa or 
ammonia), or boiling the solution for a few 
minutes with lime or pure magnesia, the vege- 
table alkali is separated from its acid, and bem^ 
in that state insoluble in water, mav be collected 
on a filter and washed. To purify it from the 
oleaginous, resinous, or colouring matter which 
it is apt to retain from the plant, after being 
thus procured, it should be n^xed with a little 
animal charcoal and dissolved in boiling alcohol, 
and afterwards fil4;^ed whiJL^. hot ; the pure alkali 
is yielded* eithiQ9? oi^ cooling. or by evaporation; 
and if no]t quite colourless, it should a£^am be sub- 
jected, to the san^e action wHh animal charcoal. . 

JforpAtne.-— This is the narcotic principle of 
opiunv. whiteb contains a great div^sitj^ of dif- 
fe|reQi-.principjies,*^aa morphia, meconic acid, 
n^l^^i^ti^e, gi^my resinous;. and extractive co-. 
louring -matters, lignin, S^ed oil, and a small 
quantity of ^ caoutqhQUC. On infusing opium in 
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Water, several of the ^aboi^e pvineiples are'^dis- 
solved, and espeeially the meconate of meitrMc^ 
whh iiarcotnie, iHiicn is likewise rendered '60^ 
ItsMehy hn a^. 

' D^f .— -The best process for procuring pure morphine, .which 
is white and crystlillize^ readily, in small rectangular prisms 
of a brilliant lustre. When pure, owing to its insolubility, it 
is almost inert. An overdose may be prevented by giving a 
dilute solution of ammonia, t)r an alkaline carbonate, so as to 
piedpitat^ the vegetable alkali. When eaiefiilly administeied, 
aorphiae may be very-advaatageoasly employed in 41ie praotice 
of medieioe $ ainee^ aocoidiBg' to- Mageadie, it produoes the 
soothing #fiects of-opium, - wtthoat causing the feverish flKeit&- 
msat and headaehe which so frequently aeeompany the latter. 
The form oi the acetate is the bestmode-of exhibiting it. 

Mec&iiifc •^cicf.-^Tbis ^^ procured from «he 
Ynagiiesian precipitate (ibe mec^ovate of m^g^ 
nesia) obtained in pro^eiiring' tbe acetate of 
Morphea. It has a sour, f^lloweid bj a Utter 
taste, reddens litmus paper, and'isTery^Iuble 
liioth in wat^r and alcohol. It is cfa^l^s^t^rized 
by ^tiilg ^ red <^lour to the salt of the pero'stide 
of iron, and communicates to'emeruld gr^^eti 
tint to the sulphate of copper. It'^xe^s no 
action cto tbe aiiimal system. 

NaY6otine.-^1\m subistatlce, though not 're- 
l^rded as a vegetable alkali, is only noticed 
from Hs connection with morpbibe. it ts easily 
prepared by evaporating an aqueous infusion of 
opium to'tiie Consistence of an^^trdci^ land di- 
^^ing • it ill sulphuric 6ther. 

PuYe narcotine is 'insoluble in^dbld, And very 
lightly soluble in hott^tet. < It' dissolves in oil, 
ether, and alooho). It dees >ilttt {>osse$s any 
alkaline properties, though, by means of an acia, 
it is Fenderea soluble in water, 

E 3 
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Om^— The uDpIcMiiit tHimllittBg pniptttiti of ofridii sk 
atfributed by M^endie to the jimaici of naiootiiifl^ ik» ill 
efiectsof whiebt aocoidiiig to hii experiiiicnli» wn in ft9«it 
mcMiiie oountanKted by acetic add. Heooe it is piobible 
that the wperiority anigned to the 6iack drQp^ once the tin^ 
tnre dlr opium of theshope, it to be attributed to the vcigelable 
acids which eoter its compoaitioiL 

CINCHONINB AHD QUINlllB. « 

This distinct vegetable principle in the ciH^ 
chona bark was interred by Dr. Duncan, jun., ifk 
1808, who ascribed to it the febrifuge tirtues d( 
the plant, and proposed for it the name of ^« 
chonin.* Afterwards, Dr. Gomez, of Lisbon, 
succeeded in procuring it in a separate state ; 
but its alkaline nature was first discovered in 
1820, by MM. Pelletier and Caventou, by 
whose labours it had been fully established tka^ 
the febrifuge properties of the bark is possessed 
by two alkalies, the cinchonin of Dr. Duneaitf 
and quinine, both of which are combined witfa 
kinic acid. Though very analogous, these prin* 
ciples are distin(my different, standing in the 
same relation to each other as potass and soda^ 
the former exists in the cinekana condamineaf or 
pale bark ; the latter is present in the cineh<ma 
cordifoHa^ or yellow bark ; and they are boA 
contained in the cinchona oblangifoliaf or red 
bark. 

Pure cinchonine is white and crystalline* It 
requires 2.300 times its weight of boiling water 
for solution, and is insoluble in cold water.^^ Its 
proper menstruum. is boiling alcohol; bi»t it ris 
dissolved in small quantity by oils and ether. .Its 
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* See Edinburgh New Ditpcnsatory, 11th Ed. p. ^99^ 
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alkaline properties are exceedioglj well marked, 
from its neutralizing the strongest acid. 

Quinine was discovered by Pelletier and Ca« 
ventou. It does not crjstaUize like cinchonine 
wheh precipitated from its solutions, but it has 
a ^hite porous, and rather floculent aspect. Its 
febrifuge virtues are more powerful than those 
of cincDonine, and it is now extensively employed 
in the practice of medicine. It is most com* 
monly exhibited in the form of the sulphate, a 
salt of such activity that three grains have been 
known to cure an intermittent fever. It dissolves 
readily in strong alcohol by the aid of heat, a 
oharaeter which affords a useful test of its purity* 

STRYCHNINE. BRUCINE. 

, MM. Pelletier and Caventou discovered 
strychnine in 1818, in the fruit of the strychnos 
ignatia and strychnoa nux vomica. It has since 
been extracted by the same chemists from the 
upas. It is one of the most virulent poisons 
hitherto discovered, and is the poisonous prin-* 
inple of the substances which contain it. Its 
energy is so violent, that half a grain blown into 
the tnroat of a rabbit, occasioned death in the 
course of five minutes. Its operation is always 
accompanied with symptoms of locked jaw and 
other tetanic affections. 

JBrucine. — This alkali was also discovered by 
MM. Pelletier and Caventou, soon after their 
discovery of strychnine ; it. also exists in small 
quantity in the St. Ignatius' bean and the nux 
vomica. In its bitter taste and poisonous qu^li* 
ties it is very similar to strychnine, but is twelve 
or sixteen times less energetic. 



FcrolnM*— -It was diteovered.bj iPelletier 
and Cavantou, tlutt , Abe aieidiciiial properties «f 
the seeds pf.ibetitfralriiai. ia6«MK/la,aiidof ike 
rootof the verairum aUmmjov.vMie hellebore, and 
of tbe eolckiewn mawnmaie or meadow saffron^ 
are owing to tbe • pecidiar alkaline principle of 
veratrine, .which majbe extracted 'bj the. usual 
process. It exists in the above plants, in >coaibi* 
nation with gallic acid. It is white, and pulfie4 
rulent, inodorous, and of .an acrid taste. Tl^hen 
taken internally in verysmall doses, it produces 
extensive irritation of the mucous coat, of • tbe 
stomach and intestines; and a few ^ains were 
found to be fatal to the liver of animals. It is 
very soluble in alcohol. It requires one tiiou- 
sand times its own weight of boilipg, and ;,st||i 
more of cold water for its solution. It has an 
alkaline redaction and neutralizes acids,, buijt 
is a weaker base than iporpbjpe, quinine, ^/^r 
strychnine. 

Emetine. — A i^ew {)riac|p|^ .^iso^vej^d isk 
1817, by M. Pelletier, ifii^es^jj^fkij^feqii^M 

ipecacuanha. It is a w^^jte .pu|veru|^t ^u]l)n 
stance, qf rather a bitter ana,4ist^!?a/^a^Ieft^i^; 
sparingly soluble in cplfl^Vit mor/^ fre^ in .hot 
water, and insoluble in ether ; . butji'^jIfiMy ^iB^ 
solved by alcoboU It h^s a 4i^iuct alk^ine 
redaction, and nem^alizes acids; rJ^ its ^\f^ 
^re litttle disposed to crystaj)ize. . 

Pu^otOKine. — tXhis ^fkaliy the bitt^r.p<^||^j|s» 
principle of the cQcqutus tfid^ictfj^ ^^s-aiscj^ver(^4. 
m 1819, by M. BouUay, ,^hp g^v^ i^^h^' ^P<^^e 
name. 



'Sd km h iei ■* i f lie mtfAw prineiplft^^ the aiham^ 
dulcofmara {woody nightshade), ipracwed m q 
mire staifee by DeBfofises. .Th» eetnpoinuL has 
t^inct alkaline prepjsrtMB, and i8:oo«ibiiiediin 
tibe plant ivkh malic aoid. 

i)Wf»Miie.-*-Diseofvered hj. MM. FeneoiUe 
and lidsMa^e in Hie de^knatm siaphffsa^a^ 
or stavesaere. It poasesBes the general jcharae^ 
ter of the Tegelable aU&alies. 

06$. — To the vegisltble dktlies liere dmaibti, nyiy be 
added gentjaoine, €lisco?er^ byltfM. Hemrj^and €afveBtou« 
m analysing gentian ; lupultne* by Bfr. Ives, ef Ne^ York, ffoiti 
the bumulus lupuluf, or common iiop-^ tad it^Mube^nmideied 
highly probable, chiefly by the-tMarcbeiof M;Biaades, that 
several other plants, tuohai ibeatrapa Uliadmna {deadly 
ihade), conium maculainm (the spoUed .hemlock), Aj^m- 
eyamui niger (black henbane), datura, stramonmm (thorn 
apples), and digitalis (fojiglove), all owe their activity to the 
pieaence of an alkali.* 



CHAPTER X. 



ACIDS. 



Most of the acids are substances which produce, 
that sensation of the tongue called sour ; hut 
some substances are classed with the acids whicK 
have not this characteristic, though thef pdssess 

some of the other properties of acids, which 

, , -« — .— • 

* F«r a practical digested account of the recently diicotezed all^a- 
lies, or alkaloids, on the authority of M JMagendie, with formulae, &c., 
tee < The New London Medical Pocket Book,' Sherwood a Co. 
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differ from eacb other in ttiehr appearitoce mod 
properties as much as any classs of bodies wei 
are acquaiated with : it is therefore not a Hide 
difficult to give a definition of an acid. In g^ 
neral they are liquids^ but some of them take a 
solid, and others a gaseous form; some a(re 
mildy others corrosive; some are pungent and 
volatile, others are fixed and inodorous. 

Q. What are the properties of acids? 

A» Acids change the blue, green, and purple 
juices of vegetables to red ; and combine with 
alkalies, earths, or metallic oxides, so as to form 
those compounds called salts. 

Q, What is the origin of acids ? 

^. Most of the acids owe their origin to the 
combination of certain substances with oxygen, 
which has been called the acidifying principle. 

06s. — The substances which are oombined with oxygen to 
form acids (in all the decomposable acids,) combustible sub^ 
stances. Ind^» several of the acids are the product of combus- 
tion : witaess the sulphuric, the phosphoric, &c. Four of the 
metals, and all the other simple combustibles, except hydrogen, 
are convertible into acids. AH bodies, to which the properties 
of an acid have been ascribed, are either combustibles, sup- 
porters of combustion, or may be produced by the process of 
combustion. It is proper to remark that some of the acids are 
the productions of art, and are not known to exist in nature. 

Q. How 'is it known that oxygen imparts 
acidity? / 

•^.-This is only known by analogy; for it is 
found that most of the acids contain oxygen, and 
that they lode their acidity exactly in proportion 
to.the quantity of oxygen which is taken from 
them. 

Obs, — ^Many of the acids may be decomposed, and deprived 
of the oxygen, by combustion. Any combustible body that 
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Ima « g;ieater affiaity for oxygen than oxygen has for the 
mdical of the acid, will decompOGe that acid. 

Q« By what other means may . acids be de- 
composed i 

A.^ Some acids may be decomposed, and 
deprived of their oxygen ; and others may be 
formed by a direct combination of oxygen with 
certain radicals. 

Obs, — ^This is shown by the composition of sulphuric acid^ 
which, for expenment, may be formed as follows :— « 

J&iT?.—- Mix a little sulphur coarsely powdered with one- 
eighth of its weight of ground nitre. Put the mixture upon a 
small tile, and place the tile upon a low stand in the middle 
of a large flat glass or earthen dish. Then pour a laige 
quantity of water into the dish, and procure a laige glass jar 
to invert over the brimstone, so that its edges may dip into 
the water, which must be deep enough to form a water lute. 
Things thus prepared, the brimstone is to be set on fire in 
several places, by means of a red hot iron, and immediately 
covered with the jar. The sulphur will bum with great ra- 
pidity; and. will be chiefly converted into sulphuric acid, 
which may be concentrated by evaporating the superfluous 
water. 

*^* In this process the sulphur unites with the oxygen of. 
the atmospheric air within the jar, at the same time that the 
heat and light, which are necessary in the new compound, are 
evolved, and become sensible to our feelings: the result is a. 
new substance, widely diflerent from either, viz. sulphuric 
acid. The use of the water is to absorb the gas, and render 
it liquid. 

Q. Do the same radicals* always combine 
with" an equal porf ion of oxygen ? 
A. No : some of these acidifiable radicals 

« A chemical term for the elements of bodies. 
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combine wilb different pvoportioDS of oqigeiit* 
and consequentlj produoe different states .of 
acidity* 

Q. How do chemists distinguish this differeocei, 
•^. When two acids have the same radical, 
but contain different quantities of oxygen, the|f. 
are distinguished by their terminatiqn* Xbe 
name of that which contains the most ojn^gen 
ends in ic, the other ons. Thus we say sulphuric 
acid, and sulphurous acid; phosphoric and 
phosphorous acid. 

Nomenclature of the Acids aed. SUi/T8«— - 
Compounds with which oxyg'en forms a part, were 
called acids or oxides, according as toej do or 
do not possess acidity. An oxide of iron or cop* 
per signifies a combination of those metals with 
oxygen, which has no acid properties. The 
name of an acid was derived from the substance 
acidified by the oxygen, to which was added the 
termination in le. Thus sulphuric and carbonic 
acids signify acid compounds of sulphur and 
carbon with oxygen gas. If sulphur or any 
other body should form two acids, that which 
contains the least quantity of oxygen is made to 
terminate in ous^ as sulpnuroie« acid. The ter- 
mination in uret was intended to denote com* 
binations of the simple non-metallic substances, 
either with one another, with a metal, or with a 
metallic oxide. For instance, sulphur^ and 
carburet of iron, signify compounds of sulphur 
and carbon with iron. The aifferent oxides or 
sulphurets of the same substance were distin- 
guished from one another by some epithet, 
which was commonly derived from the colour 
of the compound, such as the black and red 
oxides of iron, the black and red sulphurets of 
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vaewary. Thoofffa' this -ppactioe is still eon* 
tinued ficcasioiiallj, it is now more oustomary 
to distinguish degrees of oxidation bj the use 
of derivatives' from the Greek. Protoxide sig- 
nifies the first degree of oxidation; deutoxide 
the second; triifmde 'the third; and peroxide 
Ae highest. The sulphurets, carburets, ftc^ of 
the same substance are designated in a similar 
way. The combination of acids with alkalies, 
earths or metallic oxides, were termed salts, the 
names of which were so contrived as to indicate 
the substances contained in them. If the acidi- 
fied substance contains a maximum of oxygen, 
the name of the salt terminates in ate ; if a mi- 
nimum, the .termination in ite is employed. 
Thus the sulpha/^, phosphate, and auseniaf^ of 
potass, are a^ks of sulphuric, phosphoric, and 
%r^(^ic j^qids; whito the terms sulphiltf« p^os* 
p^kc, ^n4 9itawite of potass, denote comoinar^ 
tions of that alkaU with the su^^hurotc^^ phos«» 
phor^n^, and arceiuoif« acids. 

49. Have acids ever any other decree of 
acidity f 

Jl. Attempts have been frequently made to 
supersaturate several of the acids with oxygen, 
but only in one instance with success, namely, 
in the muriatic acid, which forms with two dif- 
ferent portions of oxygen two other distinct 
acids, called oxygenized muriatic acid, and 
hyper-oxygenized muriatic acid. 
^ Q. What substances are capable of being 
acidified by oxygen ? 

A. The mineral, the vegetable, and the ani- 
mal kingdoms, all furnisn bases or radicals, 
which become acid by their union with oxygen. 
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0^«.-^The mineral acids are geQeraUy fonned with a.pe* 
otdiar base and oxygen ; the vegetable acidst with carbont 
hydoogen and oxygen ; while the animal acidi aie compoied 
of the same substances united with nitiogen. 

*^* Some of the mineral acids aie decomposable by char- 
ooal heated to redness. Some of the vegetable acids are also 
dacomposed, and reduced into water and carbonic acid, by 
leaving them in an exposed situation to the action of their 
own principles: others may be changed into difierent acids, 
by imparting or abstracting a portion of oxygen. The animal 
adds are of all others the most liable to decomposition. In 
a,n elevated temperature, the carbon and oxygen unite to form 
carbonic acid, and the hydrogen and nitrogen produce 
volatile alkali. 

Q. Do all the acids owe their acidity to the 
presence of oxygen i 

A. The greater number of them do, but there 
are substances possessing acid properties which 
contain no oxygen. Until lately there were only 
three acids wnose composition was unknown,*— 
namely, the muriatic, the fluoric, and the boracic ; 
these, however, have yielded to the power of 
Voltaic electricity, and their bases have been 
separated. 

CLASSIFlCATIOir OF ACIDS. 

The acids were formerly divided into three 
classes, — ^namely, the mineral, the vegetable, 
and the animal acid ; but the more useful and 
scientific way of dividing thera is into two 
classes. 

I. The undecomposable, and those whiqh 
are formed with two principles, are comprised 
in the first class; while those acids which are 



PfltST LINBS OF €HEIfISTRY. 87 

fortnfed with more than two principles eompose 
the second. Those of the first class, which are 
formed with two principles only, are composed 
of oxygen and some other suostance, which is 
calledi their radical. The acids of the second 
class are composed chiefly of oxygen, hydrogen; 
and carbon; though some of them contam a 
portion of nitrogen. 

The acids of thej^rst class are^ — ^The sulphuric 
and sulphurous acids; the muriatic ana oxy« 
^enized muriatic acids ; the nitric, the carbonic, 
me phosphoric and phosphorous; the fluoric, the 
boracic, arsenic, the tungstic, molybdic, and the 
chromic acids. 

The acids of the second class are^ — ^The acetic, 
the oxalic, the tartaric, the citric, the malic, the 
lactic, the gallic, the mucous, the benzoic, 
succinic, the camphoric, the suberic, the lactic, 
the prussic, the sebacic, the uric, the amniotic, 
and the fluoboric acids. 



CHAPTER XL 

VEGETABLE ACIDS. 

« 

Those compounds are regarded as vegetable 
acids which possess the properties of an acid, 
and are derived from the vegetable kingdom, as 
those of the second class. 

1. Acetic Add. This acid exists already 
formed in the sap of many plants, either free or 
combined with nme or potass ; it is generated 



1 
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dtiriog the dwhtt ctive diflillstioB of reg^elAle 
matter^ acd in an abundant fNPodacI of the 
acetous fermentation. 

Common vinegar, the acidifying |miiciple of 
which is the acetic, and is commonij fMrepared in 
this country bj fermentation from an infosion -iHt 
malt, and in France from the same prooets 
taking place in weak wine. The vinegar thus 
obtained is a verj impure acetic acid, containing 
the sacharine, mucilaginous, and other matters 
existing in the fluid from which it is prepared. 
It is separated from these impurities bj distiila* 
tion ; and is rendered stronger bj exposure to 
cold. 

O^f.— The distilled rinegar now genenny employed for 
chemical piirpo8e% is prepared by the diatfllatioii of woad, and 
ia told under the name oi pyroligneous oeitL ConoeDlntBd 
acetic acid is bert obtained by deoompoang the aoelatea either 
by sulphuric add, or in some inslances by heat With Yariooa 
bases it forms salts ; called the acetates. 

2. Oxalic Acid. This acid exists read j formed 
in several plants, especially in the rumex acetosa 
or common sorrel, and in the oxalis acetosella 
or wood sorrel ; but it almost always occurs in 
combination either with lime or potass. These 
plants contain the binoxalate of potass ; and the 
oxalate of lime has been found in large quantity 
by M. Braconnot, in several species of lichen. 
It is easily made artificially by digesting^ sugar 
in five or six times its weight of nitric acid, and 
expelling the excess, and b;^ distillation. 

Use. — It is of great use m detecting the pre- 
seqce of lime in solution. It is also become an 
article of great consumption with the calico 
printers, both in the state of crystallized oxalic 
acid, and in that of spper-oxalate of potass. In 
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ccMbiDation m& earth, alkalids, and ^melalltc 
oxidesy it forms the salts called oxalates. 

Form. — It crystallizes in slender, flattened, 
i^nadrilateral {>risiDS9 terminated by two sided 
prisms ; ^ but their primary form is an obliq^ue 
rhombic prism : by this form it is easily distm« 
gwished HTom all other acids; and by its solution 
giving with liroe^water a white precipitate, 
^iriiich is AQSoittble in an .excess of the acid** It 
has an exee^ingly sour ta3te, jeddens litwis 
paper . strongly, and forms neutral salts with 
alkaiiesu The crystals effloresce on, exposure to 
tibe air,: but undergo no oUier change. They are 
aoluble.ift twice their own weight of cold au in 
their omi weight. of boiling WAter. They ar^ 
also disflolved by alooboU though. less fjreely than 
in, water. 

3. TarUiric jicid. Tbis is a peculiar aoid, 
found in the cream of. tartar of iConnnercQ. It 
is capable^ of (Crystallization, and easily soluble 
in water. Jtiis uaedbyiealico priiit€>i's^ tq dis- 
ehargefiijsef^mts. Tae*)»alts .fot m^dwitb it ace 
oaiIed.^ai)^ra^^. 

4. Citric Acid. This is found JPitboJuie^ of 
liemoas jiudvsev^ral fb(h«r fruits^ . Jt.<cr;;i^Ui9es 
in beautiful Thomboidal pmms);!;i9) f^fobowiely 
acid to the tsuste, and very jsioluble w WftW. It 
istused iin various ways for doniestic jpurpfi^es, 
mediciojo^iandithe arts. The ssjt^ iormeafwitibt 
it are called «i^a6«9. 

.6« Malic A^* This is obtained; from the: juice 
of apples, in which it . exists, iready iforiued. It is 
— — . 

* Thecz^eiTin^p/^^of Mr. Ql^ristlson^&d.Coindet h^ve shewn that 
chalk and magnesia are certain antidotes to poisoning by oxalic acid, 
in consequence of forming with itiasolttble and inert compounda. 
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principally used as a chemical test Its salts are 
called malaies. 

Oif.— Malic acid is of use io the analytis of earths, for 
separatiDg alumine from magnesia, as it foims with the former 
an insoluble salt, which precipitates, leaving malate of mag- 
nesia in solution. 

6. Lactic Acid, This is prepared from milk 
after the curd hds been separated. It is in» 
capable of crystallization, and has not hitherto 
come into use. The salts formed with it are 
cltUed lactates. 

7. Oallic Add. This acid was discovered by 
Scheele, in ITSG, and exists ready formed in the 
bark of many trees, and in gall nuts. It is 
always associated with tannin, a substance to 
which it is allied, in a manner hitherto unex* 
plained. It has the pro{)erty of precipitating 
iron from its solution in acids, of a black colour. 
Its salts are called galldtea. 

8. Mucous or Saccolactic Acid. This is ob- 
tained by nitric acid from gum Arabic, and other 
mucilagmous substances. It is in the form of a 
white gritty powder, with a slightly acid taste. 
Its salts are called mudtes. 

9. Benzoic Acid. This exists in gum Benzoin, 
in Storax, in the balsams of Peru and Tolu, and 
in several other yegetable substances. It is a 
light whitish powder, with a peculiar and 
aromatic odour. Its taste is acrid and bitter. 
It is unalterable in the air, insoluble in cold, but 
soluble in boiling water. It is used in medicine 
under the name of the flowers of Benjamin. Its 
salts are called benzoaies. 

10. Succinic Acid. This is prepared from 
amber. It takes the form of shining white 
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crystals, of a slight acid taste. It sublimes in 
a great heat ; is soluble in hot, but dissolves in 
small quantities in cold water. It is useful as a 
re<*agent, but is of no use in the arts. Its salts are 
called succinates, 

11. Camphoric Acid. This compound has not 
hitherto been found in any plant, and is pro- 
cuted onljr by digesting camphor for a consider^ 
able time in a large excess of nitric acid. It is 
sparingly soluble in water. Its taste is rather 
bitter, and its odour somewhat similar to saffron; 
It reddens litmus paper, and combines with 
alkalies, forming salts called camphorateB. 

12. Moroxylic Add. A compound discovered 
by Klsmroth, in combination with lime or the 
bark of the morus alba or white mulberry. 

13. Hydrocyanic or Prussic Acid. This acid 
was discovered by Scheele in 1782, and 
Bartholet afterwards ascertained that it contains 
carbon, nitrogen and hydrogen ; but Oay- 
Lussac first procured it in a pure state, and by 
the discovery of cyanogen, was enabled to 
determine its real nature. In a pure state, 
prussic acid is a limpid colourless fluid, of a 
strong odour, similar to that of peach blossoms. 
It excites at first a sensation of coolness on the 
tongue, which is soon followed by heat; but 
when diluted, it has the flavour of bitter almonds. 
It unites with water and alcohol in every pro- 
portion. The distilled water from the leaves of 
the prunus lauro cerassus, owes its poisonous 
quality to the prussic acid it contains. 

14. Sorbic Acid. This is found to be the ma- 
lic acid. 

16. Rheumic Add. This name was applied to 
the acid principle contained in the stem of the 



FIRST UNftS 09 CUEMmKTi 9S 



CHAPTER XII. 



MINERAL ACIDS. 



Sulphuric ^Mn A combination of sttlpimr 
and oxygen-^commonly called oil of vitriol. It 
is. procured by burniihg' sulphur in contact with 
oxjgen, and becomes acidined. 

Obs. — Sulphuric acid, at the instant of its formation, is in 
a gaaeojus state \ the maaufacturets^ therefore, find it necessary 
to. condense this gas by means of water. Hence the sulphnric 
acid of commerce is always in a fluid state. It 4s a good test 
for barytes and lead. It is a very ponderous, corresfrre acid,' 
destitute of colour and smeli, and has a very strong acid tattc: 
It has a great attraction for water,- and coonbines so intimately' 
with this fluid that the compound gives out a portion of calorie ; 
and when combined with the alkalies, the earths, and metallic 
oxides, it forms with them those salts called sulphates. 

Sulpkarous Acid4 Thils, like the < sulphuric 
acid, is a combinatkm of su}phur and oxygeUf 
but. with less oxj^en and more sulphur than the 
lattery- It is capable of unitho^ with various^ 
basesyiind forins the salts call^mlpbcttes. > 

Sulphurous acid. Gas may be procured by the 
following process : — Put into a glass retort two 
parts of. sulphuric acid and one of mercury, and 
apply the heat of a lamp ; the mixture effervesoes, 
and a gas issues from the beak of the retort, 
which may be received in glass jars filled with 
mercury and standing in a mercurial trough; In 
ibis process the mercury in the retort combines 
with psiri of the oxygen of the sulphuric acid ; 
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and tbe sulphuric acid, having lost a certain por^ 
tion of its ozjgen, is converted into sulphurous 
acid. 

O^j.— Any combiHtible iDbfltaooe will deoompose snlpbuik 
aeidy by combiniiig with a portion of its oxygen, and talpiMV- 
0U8 acid gas will be evolved. It is used in Ueachtng silk: and 
po siei i e s very alight acid properties. Instead of cbaoging 
vegetable blues to a red, as adds genenlly do, it invariably len* 
de9 them white. Thus, if a red rose be held in the fiimea of a 
brimstone match, the colour will soon begin to change* and 
ultiinately the flower will become white. By tlie same praoeHb 
fruit stains or iron moulds may be removed from linen or cotton 
cloths, if the spots be previously moistened with water. , 

Muriatic Add. This is a peculiar acid^ ob» 
tained from sea salt ; whose radical or base un* 
til lately was entirely unknown. It is distilled 
from sea salt by means of sulphuric acid, and 
collected in appropriate receivers, where it is 
condensed in water for which it has a powerful 
affinity. 

Pmperties. This acid in the gaseous state is 
invisible like air ; and has a punc^ent suffocating 
smell. With water it forms the liquid muriatic 
a^cid, which procures the smell oi the gas, and 
gives out white fumes when exposed to the at- 
moephere* It is much employed in the arts and 
chemical laboratories. Witn various bases, it 
forms the salts called muriates. 

03«.— Muriatic acid may be obtained for chemical expert- 
nieati,.by pouring one part of sulphuric acid upon twg parts of 
dry muriate of soda in a tubulated retort, and collecting tbe gas, 
9s it becames disengaged, over mercury in a pneumatic appa- . 
nitus. < It may also be collected by heating the muriatic acid of 
commerce in a glass retort. 

« &p.-*-Muriattcacid is the best test for silver. If a single 
drop.be poured into any solution containing this metal, acopi- 
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ou» precipitate will immedifttely follow, owidg to the affinity of 
this acid for silver, and the insolubility of muriate of silver. 

Oxymuriatic Add. Chlorine. The oxymuriatie 
acid, according to Sir H. Davy, is a simple sub- 
stance. It is known in the gaseous state, and in 
combination with water : in the latter form it is 
commonly used in the arts. The discovery of 
chlorine was made in 1770 by Scheele, while in- 
vestigating the nature of manganese, and he de- 
scribed it under the name of dephlogisticated 
marine acid. The French chemists called it 
oxygenized muriatic acid, a term which was 
afterwards contracted to oxymuriatie addf from 
aiD opinion proposed by BerthoUet, that.it is ^ 
ebmpound of muriatic acid and oxygen. Chlo- 
tiae gas is obtained by the action of muriatic 
ateid on manganese. 

'.' JPropertiea. Chlorine gas is of a yellowish 
sgreen colour, has. an astringent taste, and a dis- 
aOTceable odour. It is one of the most suffocating 
Of the gases, exciting spasm and great irritation 
^ the glottis, even when considerably diluted. 
wMi air. Cold recently-boiled water, at the: 
common pressure, absorbs twice its volume of 
dblorine, and yields it a^ain when heated. This, 
solution, which is made by passing a current of 
chlorine sas through cold water, has the colour,, 
taste, ana most of the other properties of the gas 
itself. It supports combustion. If a lighted 
taper be plunged into chlorine gas, it burns with 
a small red flame, and emits a large quantity of 
smoke. Phosphorus takes fire in it spontane- 
ously, and burns with a pale white light. Several 
of the metals, such as tin, copper, arsenic, anti-* 
mony and zinc, when introduced into chlorine in 
the state of powder, or in fine leaves, are sudden^. 
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\y infiffined. In all these cases the comhustible 
substances unite with chlorine.* It possesses no 
acid* properties — it has not a soiir taste— ndoes not 
redden tne* blue colour of plants, and shows little 
disposition to unite with alkalies. One of die 
most important properties of chlorine is its 
bleaching* power : all animad and vegetable co» 
lours are speedily removed by it ; and when the 
colour is once discharged, it can never be re- 
stored.* Chlorine is useful, likewise, for fumi- 
gation. The experience of Guyton Morreau is 
sufficient evidence of its power in destroying the 
volatile principles given off by putrefying annnal 
matter : and probably it may act in a similar way 
on contagious effluvia. The compounds of chlo» 
rine which are not acid are termed chlorides or 
chlorurets. It is the only acid that will dissolve 
gold and platina.' With various bases it forms 
saiiB, called hyper-oxymuriates. 

MiricAcid. This is one of the constituent 
parts of nitre or saltpetre. It* is a composition 
of oxygen' and nitrogen, in the proportion of 
about twentynsix parts by weight or the latter to 
about seventy<4bur of the former. It is obtained 
by distilling two parts of nitre and one of sul- 

Snuric acid in a glass retort, and collecting the 
uid in proper receivers This acid, which at 

* Its strong affinitj for the metals is sufficient to prove that it i« 
not lefti 'acid ; for chemisrs are not acquainted with any instance of dl- 
recft'^ombination between an add and a metaL 
' t Muriatic acid removes the stains of common ink, but it does not 
eSl^t printers* ink. It is, therefore, recommended for cleaning old 
boe^indj^rints. Half an ounce of red lead being added to three' 
ouaees of common muriatic acid, will render it fit for this use* Where 
writings have been efiaced for fraudulent purposes with this acid) sul- 
phuret of ammonia and prussiate of potass will revive the writing, and 
discover the artifice. Very old writmg may be revived in this way. 
If indigo and oxide manganese be added to common ink, it will pre* 
vCnt Ito bebg efihced by ozymuriatie acid. 
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fiM eoatains nitrous g'as, is in a great measure 
deprived of it and rendered transparent and 
ODlouriess hj the application of heat in a subse- 
quent process. 

Properlies.^-Nitric acid is clear and colaur- 
leas like water; its smell is pungent, its taste ex* 
ceedinglj acid, and its action on animal sub- 
stances verj corrosive. It has the property of 
permanently staining the skin yellow; has a 
gremi affinity for water; is capable. of oxydizing 
most of the metals; and, with various bases, 
forms the salts called nitrates. 

Nitric acid is drawn of different stren^hs, ac- 
cording to the purposes for which it is designed. 
It^ifl used in dyeing, in refining gold, in medi- 
cine, and in a great variety of manufactories. A 
mixture of nHric and muriatic acids, in the pro* 
portion of one measure of the former to two of 
the latter, has long been known under the name 
of aqucMregia (nitro-muriatic acid), as a solvent 
for gold and platinum. When these acids are 
mixed togeth^, the solution instantly becomes 
ydlow; and on heating the mixture, pure chlo- 
rine is evolved, and the colour of the solution 
de^>ens. On continuing the heat, chlorine and 
nitrous acid vapours are disengaged; at length 
the evolution of chlorine ceases, and the residue 
liquid is found to be a solution of muriatic and ni- 
trous acid, which is incapable of dissolving* gold. 

Nitrous Jtcid, improperly so called, is m fact 
nitric acid impregnated with variable propor- 
tions of nitrous gas. It constitutes the acid of 
commerce. In its properties it is very similar to 
nitric acid; but its colour varies according to 
the proportions of nitrous gas which it has ab- 
sorbed, and the water it contains. It is generally 

F 
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used for purposes of manufacture and experi- 
ment. 

03#.-«The chftBget whi^ lake |>1aee <m the additkm of 
water to strong nitrous acid» exhibit very coriout pheoomena. 
Diflerent portions change its colour to a Utte» a green, a 
yellow, &c., while the Tapours which rise from it p icseive their 
origmal flame-coloored red. It* is to Dr. Priestly we are in- 
debted for the discovery that nitrous gas is converted into 
nitrous acid by its union with oxygen and water. 

Carbonic Acid. — A combination of carbon 
and oxygen. It was formerly called fixed air, 
on account of its being so intimately combined 
in chalk, limestone, magnesia, &c. It was dis- 
covered by Dr. Black in 1757, and described by 
bim in bis inaugural dissertation de Magnena 
alha^ under the name of fixed air. It is most 
conveniently prepared for purposes of experi« 
ment by the action of muriatic acid, diluted 
with two or three times its weig'ht of water, on 
fraffments of marble. The muriatic acid unites 
with the lime, and the carbonic acid escapes with 
efiervescence. Thus prepared it is a colourless 
inodorous fluid, which possesses all the physical 
characters of the gases in an eminent decree, 
and requires a pressure of thirty-six atmospheres 
to condense it into a liqj^uid. 

Properties. — It extinguishes burning sub- 
stances of all kinds. Bodies when immersed in 
it, do not cease to bum from a want of oxygen 
only; it exerts a positive influence in. checking 
combustion, as appears from the fact that a 
candle cannot bum in a gaseous mixture com- 
posed of four measures or atmospheric air, and 
one of <;arbonic acid. It is not better qualified 
to support the respiration of animals; its pre- 
sence, ev^ in moderate proportion, being soon 
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fatal. An animal cannot live in air which con- 
tains sufficient carbonic acid for extinguishing a 
candle, and hence the practical rule of letting 
down a burning taper into old wells or pits be- 
fore any one ventures to descend. 

Carbonic acid is quit incombustible, and can- 
not be made to unite with an additional portion 
of oxygen. It is a compound, therefore, in 
which carbon is in its highest de^ee of oxyda- 
tion. Lime water becomes turbid when brought 
into contact with it. The lime unites with the 
gas, forming carbonate of lime, which, from its 
insolubility m water, at first renders the solution 
milky, ana afterwards forms a white flaky preci- 
pitate. Hence lime water is not only a valuable 
test of the presence of carbonic aicid, but is 
frequently used to withdraw it altogether from 
any gaseous mixture that contains it. 

Carbonic acid is absorbed by water. Recently 
boiled water dissolves its own volume of carbonic 
acid at the common temperature and pressure; 
but it will take up more if the temperature be 
increased. 

Water and other liquids which have been 
charged with carbonic acid under great pres- 
sure, lose the greater part of the gas when the 
pressure is removed. The effervescence which 
takes place on opening a bottle of ginger beer, 
cider, or brisk champaign, is owing to the escape 
of carbonic acid gas ; and the agreeable pun- 
gency of beer, porter,* and ale, is, in a great 
measure, owing to the presence of carbonic acid,^ 
by the loss of which, on exposure to the air, they 
become stale. Boiled water, on the contrary, 
has an insipid taste from the absence of carbonic 
acid. It enters into combination with the al- 

F 2 
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kalies, earths, and metallic oxides, and fonns 
with them the salts called carbonates. 
^ 06s.^^^Mionic acid is found in abundance in many natural 
waters; for instance those of Pyrmont, Spa^ and Seltzen. 
These waters are so pleasant and salutary^ that various imitations 
of them, made in this country, are sold under the names of 
single and double soda water. 

Photphoric Add. — ^This acid formerly was 
only Drocured by burning phosphorus in oxygen 

fas ; out since it became Known, by Scheele in 
772, that phosphoric acid is a component part 
of animal Dones, it b now obtained at a much 
cheaper rate. It is very soluble in water ; the 
solution is colourless; it has a strong acid taste; 
by evaporation the solution becomes very dense, 
and 01 an oily consistence. It may be evapo- 
rated to dryness, and even submitted to a white 
heat, without suffering any change, or being 
volatilized. By Its union with earthy, alkaline, 
and metallic bases, that variety of salts which is 
called phosphates; and occurs in nature com« 
bined with lime, oxide of lead, and other bases. 

Phosphorous .^cid contains a smaller propor- 
tion of oxygen th^n the phosphoric acid. It is 
{procured by the slow combustion of phosphorus ; 
or when phosphorus is heated it bums rapidhfy 
and the product is phosphoric acid. Ii is a 
dense, viscid liquid, with an acid taste, and when 
heated emits the smell of garlic. Like the pbos»' 
phdric acid, it may be decomposed by charcoal; 
but cannot be obtained in a concrete state. It 
has not hitherto been applied to any use. The 
skits formed with it are called phosphites. 
Q. What is fluoric acidf 
A. It. is an acid of a very peculiar nature, 
found in the fluor spar, a mineral production 
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composed of fluoric acid and lime. In a state 
of ^as, it is invisible like air; water absorbs it 
rapidly, and forms liqaid fluoric acid. It has an 
acid taste, and the peculiar property of cor- 
roding silex; and, though it has oeen decom- 
f^osed, the nature of its radical is not yet known. 
t is only used for etching upon ^lass, for which 
purpose it was first employea in tne seventeenth 
century. 

Q. What is boracic acid ? 

•d. The boracic is a peculiar acid separated 
from a substance called Dorax. 

Q. What are the properties of boracic acidf 

Jt. It is in the form of thin salts, slightly acid, 
and unalterable in the air. It forms the variety 
of salts called borates when combined with the 
alkalies, some earths, and some of the metallic 
oxides. One of the peculiar properties of this 
acid is, that it imparts a green colour to burn- 
ing bodies. 

0^«.— The taste of this add is bitterish with a degree of 
acidity. It is very soluble in hot water, and but sparingly so in 
cold. It is very useful in the analysis oi minerals^ as it brings 
almost all stones into solution. 

Q. What is arsenic acidf 

A. Arsenic acid is a compound of arsenic 
and oxygen. It is a heavy, thick, incrystalliz- 
able mass, very soluble in not water, of an acid 
taste, and poisonous. With different bases it 
forms the salts- called arseniates. It is made by 
giving an extra dose of oxygen to the common 
white oxide of arsenic. 

Q. What is tungstic acid ¥ 

uJ. It is a tasteless yellow powder, composed 
of oxygen and tungsten. It is insoluble in water, 
but forms the salts called tungstates^ by its union 

F 3 



102 riBST LIHB8 OP CHBMISTRT. 

with alkalies, earths, or metak. It dissolves 
several metals. 

Q. What is molybdic acid f 

A. Molybdic acid is a pale jellow powder, 
composed of molybdium and oxygen. It re« 
quires a lar^e quantity of water to dissolve it. 
When combmea with salifiable bases, the com* 
pounds are called molybdates. 

03f.— There is another combination of molybdenum and 
oxygen, called the mofyhd^ui acid, which is in the state of a fine 
blue powdor. For the prooev of making it, see Sir H. Davy*s 
Elements of Chem. Philos., part i p. 400. 

Q. What is chromic acidf 

A. An orange-coloured powder, composed of 
chromium and oxvffen. It nas an acrid metallic 
taste, and is soluole in water and crystallizable. 
When mixed with different saline solutions it 
assumes a variety of beautiful colours; it also 
forms with the earths and alkalies various salts 
called chnymaies. 

Obi. — ^The chromic acid was diicovered by Vauquelin. He 
procured it from the red lead ore of Siberia. For an acooout 
of the different colours this acid assumes, see Dr. Thompson*. 

▼ol. ii. p. 105. 



CHAPTER XIII. 

SALTS. 

Q. What do chemists understand by the term 
Salt? 
A. By the term salt, is chemically understood 
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ti defiaiie compound of an acid, and of an 
alkaline or salifiable base, both of which are 
in eivery case composed of at least two simple 
substances. , 

Ex. — Sulphate of potass, for instance, is a salt, the acid 
of which consists of oxygen and sulphur, and the base of 
oxygen and potassium. 

Q. What are the characteristic features of 
saltsf 

^. Nearly all salts are solid, and most of 
them assume crystalline forms when their solu- 
tions are spontaneously evaporated. They are 
variable in colour, and diner remarkably in 
their affinity for water. All soluble salts are 
more or less rapid, while those that are insolu- 
ble in water are insipid. Few salts are possessed 
of odour: the only one remarkable for this 
proper^ is the carbonate of ammonia. They 
also differ in the degree of solubility in water ; 
and those which are soluble in water crystallize 
more or less regularly when their solutions are 
evaporated, &c. 

06s* — ^The same quantity of water may hold difierent salts 
in solution, provided they do not mutually decompose e^ch 
other. Indeed the solveut power of water with respect to one 
salt, is sometimes increased by the presence of another, owing 
to combination taking place between the two salts. Most 
wits produce cold during the act of dissolving in water, es- 
pecially when they are dissolved rapidly and in large quantity. 
The greatest reduction of temperature is occasioned by those 
salts which contain water of crystallization. All salts are de> 
composed by voltaic electricity, provided they are either 
moistened or in solution, and their composition is subject to 
the laws of chemical union. 

The combination of salts with one another 
gives tiBe to compounds which were formerly 
called triple salts ; but as the term double salt^ 



104 FIftST LIHBB OP CHBHIttET. 

proposed by Berzelius, giTes a more correct 
idea of their natarcr and ooBstitution, we shall 
here always employ it in preference. These 
salts may oe composed either of one acid and 
two bases, or two acids and one base; and 
most probably of two different acids* and two 
different bases. Nearly all the double salts 
hitherto examined, consist of the same acid and 
two different bases. (For the nomenclature of 
salts, see Aeid$.) 

Sulphates. — Sulphites. — ^Htposulphates.— 

Hyposulphites. 

Sulphates. — Several of the sulphates exist in 
nature ; but the only ones which are abundant, 
are the sulphates of lime and baryta : all of 
them maj be formed by the action of sulphuric 
acid on the metals themselves, on the metallic 
oxides or their carbonates, or by way of double 
decomposition. The solubility of the sulphates 
is very variable. There are six only which 
may be regarded as insoluble ; namely, the sul* 
phates of oaryta, tin, antimony, bismuth, lead, 
and mercury. The sparingly soluble sulphates 
are those of strontia, lime, zirconia, yttria, 
cerium, and silver. All the others are soluble 
in water. 

All the sulphates, those of potassa, soda, lithia, 
baryta, strontia, and lime excepted, are de» 
composed in a white heat; one part of the 
sulpnuric acid of the decomposed sulphate 
escapes unchanged, and the other portion is 
resolved into sulphurous acid and oxygen. 
Those which are easily decomposed by heat» 
such as the sulphate of iron, yield the largest 
quantity of undecomposed sulphuric acid. 

When a sulphate, mixed with carbonaceous 
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matter, is ignited, the oxygen both of the acid 
and of the oxide unites with carbon, carbonic 
acid is disengaged, and a metallic sulphuret 
remains. A similar change is produced by 
hydrogen gas at a red heat, with formation of 
water, ana frequently of some sulphuretted hy- 
drogen. 

06s, — ^The flails of sulphuric acid in solution may be de- 
tected by muriate of baryta. A white precipitate, the sulphate 
of baryta, invariably subsides, which is insoluble in all the 
acids and alkalies, a character by which the presence of sul* 
phuric acid, whether free or combined, may always be re* 
Cpgnised. ' An insoluble sulphate, such as the sulphate of 
baryta or strontia, may be detected, by mixing it, in fine 
powder, with three times its weight of the carbonate of potassa 
or soda, and exposing the mixture in a platina crucible for 
half an hour to a red heat. Double decomposition ensues ; 
and on digesting the residuum in water, filtering the solution, 
neutralizing the free alkali by pure muriatic, nitric or acetic 
acid, and adding the muriate of baryta, the insoluble sulphate 
of the base is precipitated. 

Sulphate of Potass. — This salt is easily arti- 
ficially prepared by neutralizing the carbonate 
of potass with sulphuric acid ; and it is pro- 
cured abundantly as a product of the operation 
for preparing nitric aeid. 

Tiu^e.—rSaline and bitter. 

Form. — It crystallizes in six-sided prisms, 
bounded hj pyramids with six sides. The crys- 
tals contam no water of crystal lization, and 
suffer no change by exposure to the air. 

Properties. — ^They decrepitate when heated, 
and enter into fusion at a red heat; and they 
Fequire sixteen times their weight of water at 
60* F., and five of boiling .water for solution. 

Compostpion.^^1\ie sulphate of potass rs com- 

F 4 
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posed of fortj parts or one atom of salphoric 
acid to fortj«eight parts or one atom of potass. 

06t, — ^The bisulphate of potass, which contains twice as 
much acid as the sulphate, is easily formed by digestiog 
eighty-eight pads, or one atom of the neutral sulphate, witfi 
water containing about thirty parts of concentrated sulphuric 
acid, and eraporating the solution. It has a strong sour taste, 
and reddens litmus paper. It is much more soluble than 
the neutral sulphate, requiring for solution only twioe its 
weight of water at 60^, and less than an equal wdg^t at 
212® F. It is resolved by heat into sulphuric acid and the 
neutral sulphate. 

Sulphate of SodOf commonlj called Olaw* 
ber's Salt^ is occasionally met with on the sur- 
face of the earthy and is frequentlj contained 
in mineral springs. It may be made by the 
direct action of sulphuric acid on the car- 
bonate of soda, and it is procured in large 
quantity as a residue in the processes for form- 
ing^muriatic acid and chlorine. 

Taste. — Cooling, saline, and bitter. 

Form. — Four and six-sided prismatic crystals, 
which effloresce rapidly when exposed to the air ; 
and readily undergo the watery fusion when 
heated. They dissolve in three times their 
weight of water at 60^ F. 
• Compott/tofi. — According to Berzelius they 
are composed of seventy-two parts or one atom 
of the neutral sulphate, and ninety parts or 
ten atoms of water. 

03«.— The bisulphate of soda may be formed in the same 
manner as the analogous salt of potass. 

Sulphate ofAmmoniaj prepared by neutral- 
izing the carbonate of ammonia with dilute 
sulpnuric acid. It crystallizes in long flattened 
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six-sided prisms. It dissolves in two parts of 
water at w^, and in an eaual weight ot boiling' 
water. It is sublimed by neat, but at the same 
time is partially decomposed. The crystals are 
composed of 40 parts or one atom of acid, and 
17 parts or one atom of ammonia combined; 
according to Dr. Thompson, with one atom, and 
according to Berzelius, with two atoms of water. 

Sulphate of Baryta. — The native sulphate 
of Baryta, commonly called heavy spar, occurs 
abundantly, chiefly massy, but sometimes in 
anhydrous crystals, the form of which is variable, 
being sometimes prismatic and sometimes tubu* 
lar. It is easily formed artificially by the way 
of double decomposition. It leaves an intense 
heat without fusmg or undergoing any other 
change, and is one of the most insoluble sub- 
stances chemists are acquainted with. Accord- 
ing to Dr. Thompson it is composed of 78 parts, 
or one atom of baryta, and 40 parts or one atom 
of sulphuric acid. It is sparingly dissolved by 
hot and concentrated sulphuric acid, but is pre- 
cipitated by the addition of water. Its density 
is 4*4. 

Sulphate of' Strontia. — This is the celestine of 
mineralogists, and is less abundant than heavy 
spar. It occurs in prismatic crystals of peculiar 
beauty in Sicily. Its density is 3*858. Obtained 
by the way of double decomposition, it is a 
white heavy powder, very similar to the sulphate 
of baryta. It requires 3840 times its weight in 
water for solution. It contains, according to 
Dr. Thompson, 32* parts or one atom of strontia, 
and one atom of sulphuric acid. 

Sulphate of Lime. — This is easily formed, by 
mixing a solution of the muriate of lime with 
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' an J soluble solphate. It ocean abundantlj as 
a natural production. Hie mineral called 
anhydrite is the anhydrous sulphate of lime; 
and all the yarieties o( gypsum are composed of 
the same salt, united with water. Tne pure 
crystallized specimens of gypsum are sometimes 
called seleniie ; and the white compact variety 
is employed in statuary under the name of ala- 
baster. 

03#.— The sulphate of lime hat hardly any tarte. It ia coiir 
lidenbly more loluble than the aulphatei of baryta or atn>ntia» 
lequiring for solution about 300 parts of cold, and 450 of boil- 
ing water. To this circumstance, and to its existing so abun- 
dantly in the earth, it is frequently contained in spring water, 
•to which it communicates the property called hardness. When 
freshly precipitated, it may be dissolved completely by dilute 
nitric acid. 

' Sulphate of Magnesia. — This is generally 
JiLnown by the name of Epsom saltj and is ire- 
quently contained in mineral springs. It may 
be made directly by neutralizing dilute sulphuric 
acid with carbonate of magnesia ; but it is pro- 
cured for the purposes of commerce by .the 
action of dilute sulphuric acid or magnesia 
limestone, the native carbonate of lime and 
magnesia. 
' Taste. — Saline, bitter and nauseous. 

Formy ^c. — ^It crystallizes readily in small 
<|uadrangular prisms, which effloresce slightly 
in a dry air. According to Gay-Lussac, the 
crystals are composed ot 60 parts or one atom 
of the dry sulphate, and 63 parts or seven atoms 
of water. They are soluble in an equal weight 
of water at 60° F. and in three*fourths their 
weight in boiling water. They undergo the 
watery fusion when heated ; and the anhydrous 
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salt is deprived of a portion of its acid at a white 
heat. 

Sulphate of Alumina. — The pure sulphate 
of alumitia is a compound of little interest ; but 
with the sulphate of potass it forms an interesting 
double salty the well-known alum of commerce* 
With the sulphate. of ammonia and the sulphate 
of soda, the sulphate of alumina forms double 
salts very analogous to common alum* The 
solution of the sulphate of alumina reddens litmus 
paper ; but it is doubtful whether this be owing 
to an excess of acid or to the weak affinitv exist* 
ing between alumina and sulphuric acid. It 
crystallizes readily in octahedrons, or in seg- 
ments of an octahedron, and the crystals contain 
almost 90 per cent, of water of crystallization. 

Sulphate of Iron. — The sulphate of the 
protoxide of iron, commonly called green 
vitriol^ is formed by the action of dilute sul- 
phuric acid or metallic iron, or by exposing the 
protosulphuret of iron in fragments to the com- 
oined agency of air and moisture. This salt has 
a strong styptic earthy taste. It reddens the 
vegetable blue colours, though neutral in its 
composition; is soluble in two parts of cold 
water, and in three-fourths of its weight of boil- 
ing water. It occurs in transparent pale green- 
coloured rhombic crystals, which consist, accord- 
ing to Berzelius, of 76 parts or seven atoms of 
water. In the anhydrous state it is of a dirty 
white colour. This is the salt employed in the 
fuming sulphuric acid. 

Sulphate of Zinc^ frequently called white 
vitriol, is the residue of the process for forming 
hydrogen gas by the action of dilute sulphuric 
acid on metallic zinc, but is made, for the pur- 
poses of coipm^srce, by roasting the native sul- 
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pharet of zinc in a reverb^ratory furnace. It 
crjsCallizes hj spontaneous evaporation in trans- 
parent four-sided prisms, whicn dissolve in two 
parts and a half of cold, and are still more 
soluble in boiling water. It has a strong stjptic 
taste, though in composition it is strictly a 
neutral saR, consisting of one atom of eacn of 
its elements : it reddens yegetable blue colours. 
Sulphaie$ of Capper. — The sulphate of the 
protoxide of copper has not jet been obtained in 
a separate state. The sulphate of the peroxide 
of copper, the blue vitriol employed bj surgeons 
as an escharotic and astringent, may be pre- 
pared for chemical purposes by dissolving the 
peroxide of copper in dilute sulpnuric acid: but 
it is procured for sale by roasting the native 
sulphuret so as to bring both its elements to a 
maximum of oxidation. This salt forms regular 
crystals of a blue colour, reddens litmus paper, 
and is soluble in about four of cold and two 
parts of boiling water. According to the re« 
searches of Proust, Thompson, and Berzelius, it 
is composed of 80 parts or one atom of the pe* 
roxide of copper, 80 parts or two atoms of acid, 
and 90 parts or ten atoms of water. It is there* 
fore strictly a bisulphate. 

03#.— The sulphate of copper and ammoaia it generated by 
dropping pure ammonia into a solution of the bisulphate, until 
the Bub-salt at first thrown down is nearly all dissolved. It 
forms a dark blue solution, from which, when concentrated, 
crystals are deposited by the addition of alcohol. It may be 
formed also by rubbing briskly in a mortar two parts of the 
crystallized bisulphate of copper, with three parts of carbonate 
of ammonia, until the mixture acquires an uniform deep and 
blue colour. Carbonic acid gas is disengaged with efiervescence 
during the operation, and the mass becomes moist, owing to 
fhA wMer of the blue vitriol being set fipeo. This comfKxmd, 



FIRST LINES OF CHEMISTRY. Ill 

whioh is the ammoniartt of copper of the phannaoop«eia» con- 
tains sulphuric acid, peroxide of copper, and> ammonia ; but 
its precise nature has not been determined in a satisfactory 
manner. It parts gradually with ammonia by exposure to the air. 

Sulphates of Mercury. — If in three parts of 
^rong sulphuric acid, two parts of mercury are 
gently heated so as to cause a slow effervescence, 
a sulphate of the protoxide of mercury is gene- 
rated. But if a strong heat is employed in 
such a manner as to excite brisk effervescence, 
and the mixture is brought to dryness, a pure 
sulphate of the peroxide results. The former is 
composed of one atom of sulphuric acid and one 
atom of the protoxide; and the latter of two 
atoms of acid and one atom of the peroxide. 
Thompsim. 

Obs, — ^When this bisulphate, which is the salt employed in 
making corrosive sublimate, is thrown into hot water, decom- 
position ensues, and a yellow sub-salt,, formerly called turpcth 
mineral^ subsides. This salt is composed of one atom of the 
acid and one atom of the peroxide, llie hot water retains 
some of the sulphate in solution, together with free sulphuric 
acid. 

Sulphites, or the salts of sulphurous acid, 
have not hitherto been minutely examined. 

The sulphites of potass, sod.a, and ammonia, 
which are-made by neutralizing these alkalies with 
sulphurous acid, are soluble m water ; but most 
of die other sulphites, so far as is known, are of 
sparing solubility. The sulphites of barytes^ 
^ontia and lime, are very insoluble, and conse« 
queutly the soluble salts of these earths decom* 
pose the alkaline sulphites. The stronger acids, 
such as the sulphuric, muriatic, phosphoric, and 
arsenic acids, decompose all the sulphites with 
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effisryescence, owing to the escape of sulphurous 
acidy which maj easily be recognised bj its 
odour. The nitric acid, bj yielding oxygen, 
converts the sulphites into sulphates. 

NiTRATBs. — Nitrites. — Chlorates. — 

lODATES. 

Nitrates. — Q. How are thenitrates prepared? 

A. By the action of nitric acid on metals, 
on the salifiable bases themselves, or on car* 
bonates. 

03«.— As nitric acid forms loluble salts with all alkaline 
bases, the acid of the nitrates cannot be pcecipitated by any 
reagent 

Q. How are the nitrates distingubhed from 
other salts f 

^. The nitrates are readilj distinguished from 
other salts bv the three following characters :*— 

1. By deflfagrating with red hot charcoal. 

2. Br their power of dissolving gold-leaf on 
the addition of muriatic acid. 

3. By the evolution of dense, white, acid 
vapours, which, bj their odour, are easilv re- 
cognised to be nitric odour, when mixed with 
strong sulphuric acid, 

0^5.— All the nitrates are decomposed without exception by 
a high temperature. Some of the salts, of which common 
nitre is an example^ are at first converted with disengagement 
of oxygen gas into nitrites; aud then by continuing the heat, 
the nitrous acid is resolved almost entirely into oxygen and 
nitrogen gas, and pure potass remains. In othen» such as the 
nitrates of barytes, strontian» the acid is apparently changed at 
once into oxygen and nitrogen, without forming a nitrite. The 
nitrate of lead yields oxygen and nitrous acid ; and the nitrate 
of palladium, which is decomposed without the application of 
a strong heat, emits nearly pure nitric acid. And as the 
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nitrates are easily decomposed by heat alone» fhey mtst neces- 
sarily suffer decoinpositioQ by the united agency of heat and 
combustible matter. 

*«* The process of oxydizing substances by means of nitre, 
is called deflagration^ and is generally pefformed by mixing 
the inflammable body with an equal weight of the nitrate, and 
projecting the mixture in small portions at a time into a red 
hot crucible. 

All the neutral nitrates of the fixed alkalies 
and alkaline earths, together with most of the 
neutral nitrates of the common metals, are com* 
posed of one atom of nitric acid, and one atom 
of a protoxide. Conseauently, the oxygen of 
the oxide and acid in all such salts must be in 
the ratio of 1 to 6« 

The onlj nitrates found native, are those of 
potassa, soda, lime, and magnesia. The others 
are prepared by the action cm nitric acid in their 
respective bases : e. a. 

Nitrate of Ammonia 

i — Barjrta 

-^— — - Strontia 

Copper 

Lead* 

Mercury 

-^— — - Silver 

Nitrites. — Concerning the compounds of 
nitrous acids with alkaline bases, called nitrites, 
little is known with certainty. Two nitrites of 
lead have been described in the Annales de 
Chimie, vol. Ixxxiii., by M. Chevreul and M. 
Berzelius. It is possible, however, that these 
compounds are hyponitrates. 

* Berzelius formed a dinitrate of lead, composed of one atom of 
add to two atoms of Uie protoxide, by adding to a solution of the 
neutral nitrate a quantity of pure ammonia to separate all the acid. 
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Chlorates. — ^The salts of chloric acid. These 
are verj analogous to the nitrates. 

As the chlorates of the alkalies, alkaline 
earths, and most of the common metals, are com- 
posed of one atom of chloric acid, and one atom 
of a protoxide, it follows that the oxygen of the 
latter is to that of the former in the ratio of 1 to 
5. The chlorates are decomposed by a red 
heat, nearly all of them being converted into 
metallic chlorates, with evolution of pure oxygen 
gas. They deflagrate with inflammable sub* 
stances with greater violence than the nitrate 
yielding oxygen with such facility, that an explo- 
sion is proauced by slight causes. 

Ex, — A mixture of sulphur with three times its weight of 
chlorate of potass, explodes when struck between two hard 
substances. 

2. With charcoal, and the sulphurets of antimony and 
arsenic, the salt forms similar explosive mixtures, and with 
phosphorus it detonates violently by percussion. 

Ods, — ^The mixture employed in the percussion locks for 
guns, consists of sulphur and the chlorate of potass. All the 
chlorates hitherto examined are soluble in water, with the ex- 
ception of the proto-chlorate of mercury, which is of sparing 
solubility. The chlorates are distinguished by the action of 
strong muriatic and sulphuric acids, the former of which occa« 
sions the derangement of the chlorine and the protoxide of 
chlorine, and the latter of the peroxide of chlorine. None of 
these salts are found native. The only ones that require a par- 
ticular descriptioQ are the chlorates of potassa and baryta. 

Chlorate of Potassaj formerly called oxy- 
muriate, or hyper-oxymuriate of potassa, is 
colourless, and crystallizes in four and six-sided 
scales of a pearly lustre. It is soluble in sixteen 
times its weight of water at 60° F., and in two 
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and a half of boiling water. It is quite anhy* 
drous, and at a temperature of 400 or 500^ F. 
undergoes the igneous fusion. It is made by 
transmitting chlorine gas through a concentrated 
solution of pure potass, until the alkali is com- 
pletely neutralized. 

Chlorate of Baryta is of interest, as being 
the compound employed in the formation of 
chloric acid. The readiest mode of preparing 
it is that suggested by Mr. Wheeler : — ^Digest 
for a few minutes a concentrated solution of the 
chlorate of potass with a slight excess of silicated 
fluoric acid^ and the acid will become precipi- 
tated in the form of an insoluble double fluate 
of silica and potassa, while the chloric acid 
remains in solution. The liquid after filtra- 
tion by carbonate of baryta, likewise throws 
down the excess of fluoric acid silica. The 
silicated fluoric acid employed in the process 
is made by conducting fluosilicic acid gas into 
water. 

loDATES. — There is such a close analogy in the 
composition of chloric and iodic acids, that the 
general character of the chlorates and iodates 
must be similar. The latter are easily known by the 
facility with which acid is decomposed by deoxy- 
dizing agents. Thus the sulphurous, phospho- 
rous, muriatic, and hydriodic acids deprive the 
iodic acid of its oxygen, and set iodine at liberty. 
Sulphuretted hydrogen not only decomposes the 
acid of these salts, out occasions the formation 
of hydriodic acid by yielding hydrogen to the 
iodine. Hence, an lodate may be converted 
into an hydriodate by transmitting a current of 
sulphuretted hydrogen gas througn its solution^ 
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05#.-— None of the iodatet baire been found native. They 
aie all very sparingly soluble^ or actually uuoluble in water, 
excepting the iodates of the alkaltet. 

lodateg of ifotass. — ^This salt is easily pro- 
cured by adding iodine to a concentrated hot 
solution of pure potass, until the alkali is com- 
pletely neutralized* 

Ods, — ^All the insoluble iodates may be procured from this 
salt (iodate of potass) by double decomposition. Then the 
iodate of baryta may be formed by mixing the muriate of 
baryta with a solution of the iodate of potass. 

Phosphates. — Phosphites. — ^Arseniates. — 

Arsenites. 

Phosphates. — Several phosphates are met 
with in the native state, such as those of lime, 
mang^anese, iron, uranium, copper and lead. 

Phosphate of Soda. — Of the alkaline phos- 
phates, that with base of soda is the one gene- 
rally employed, owing to the facility with which 
it is obtained in crystals. It is prepared on a 
large scale in chemical manufactories, by neu- 
tralizing the super-phosphate of lime, procured 
by the action of sulphuric acid on burned bones 
with carbonate of soda. 

Ois, — ^This salt crystallizes in rhombic prisms, which 
effloresce on exposure to the air, and require four parts of cold 
or two of boiling water for solution. It is employed in medi- 
cine as a laxative, and in chemistry as a reagent. 

Phosphate of Soda and Ammonia. — ^This salt 
is prepared by dissolving one atom of muriate 
of ammonia and five atoms of phosphate of soda 
in a small quantity of boiling water. It has long 
been known by the name of microcosmic salt, 
and is much employed as a flux in experiments 
with the blow-pipe. 
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Phosphate of Lime. — This is the compound 
of which many urinary concretions consist. It 
appears, according to the researches of Berze- 
lius and others, to consist, as it exists in bones, 
or as obtained by mixing muriate of lime with 
neutral phosphate of soda in excess, of 28 parts, 
or one atom of phosphoric acid, and 28 or one 
atom of lime. The biphosphate of lime may be 
prepared by adding one atom of phosphoric acid 
to one atom of the phosphate of lime. It exists 
in the urine. 

Phosphate of Ammonia and Magnesia. — The 
simple phosphate of magnesia, which is pre- 
pared by mixing a solution of the' sulphate of 
magnesia with phosphate of soda, is of little in- 
terest; but the double phosphate is of import- 
ance as constituting a distinct species of -urmary 
concretion. It is easily procured by adding 
carbonate of ammonia and afterwards phosphate 
of soda to a solution of the sulphate of magnesia, 
when the double phosphate sunsides in the form 
of minute crystalline grains. 

. 06s, — This salt is insoluble in pure water, but is dissolved by 
most acids, even by the acetic^ and is precipitated unchanged 
when the solution is neutralized by ammonia. This salt, when 
strongly heated, fuses and forms a white opaque glass. 

' Phosphites and Hypophosphites.— These com- 
pounds have hitherto been little examined, and 
are. of no material importance, consequently re- 
quire no particular description. 

Obs, — ^The neutral salts of phosphoric acid with fixed bases 
sustain a red heat without decomposition, but they are all 
fusible at a high temperature. The phosphates of the common 
metals, at least the greater part of them, are converted into 
phosphuiets by the combined agency of heat and charcpal. 
Slost of the phosphates are mostly insoluble or very sparingly so. 
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Arseniates. — All the arseniates are sparing^Ij 
soluble in water, excepting those of potassa, 
soda, ammonia, and uerhaps of lithia; but 
they are all dissolvea witnout effenrescence 
by dilute nitric acid, as well as most other 
acids which do not precipitate the base of 
the salt, and are thrown down again unchanged 
by pure ammonia. Most of them bear a red 
heat; but they are all decomposed by being 
heated to redness alon^ with charcoal, metallic 
arsenic being set at liberty. The arseniates 
of the fixed alkalies and alkaline earths re« 
quire rather a high temperature for reduction ; 
while the arseniates of tne common metals, such 
as those of lead and copper, are easily reduced 
in a glass tube by means of a spirit lamp without 
danger of melting the glass. The arseniate of 
leaais the most insoluble. 

The soluble arseniates are easily recognized 
by the tests (see Arsenic)^ and the insoluble 
arseniates, when boiled in a strong solution of 
the fixed alkaline carbonates, are deprived of 
their acid, which may then be detected in the 
usual way. The free alkali, however, should 
first be exactly neutralized b;^ pure nitric acid* 

The arseniates of lime, nicKel, cobalt, iron, 
copper and lead, are natural productions. 

*^* The arsenic acid unites in two proportions with potassa* 
soda, and ammonia, forming neutral salts and bisaltSy all of 
Vhich, the neutral arseniate of potass excepted, may be obtained 
in crystals. They are all formed by adding arsenic to the 
alkaline carbonates. 

Arsenites. — The only soluble compounds of- 
arsenious acid and salifiable bases known to 
chemists, are the arsenites of potassa, soda, 
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and ammonia, which may be prepared by 
boiling a solution of these alkalies in arsenious 
acid. The other arsenites are insoluble, or, 
at most, sparingly so in pure water; but they 
are dissolved by an excess of their own acidf, 
with great facility, by nitric acFd, and by most 
other acids witn which their bases do not 
form insoluble compounds. On exposing the 
arsenites to heat in close vessels, tne arseni- 
ous acid is either dissipated in vapour or con* 
verted, with disengagement of some metallic 
arsenic, into arse^iates. Heated with charcoal, 
or black flux, the acid is reduced with facility. 

The soluble arsenites, if quite neutral, are 
characterized by forming a ]^elIow arsenite of 
silver, when mixed with tne nitrate of that base, 
and a green arsenite of copper, Scheele^s'green^ 
with the sulphate of copper. When acidulated 
with acetic or muriatic acid, sulphuretted hy- 
drogen causes the formation of orpiment, an 
effect which it likewise produces in the arse- 
niates. The insoluble arsenites are all decom- 
posed when boiled in a solution of the carbonate 
of potass or soda. 

*«* The arsenite of potass is the active principle of Fowlefs 
solution. 



CHAPTER XIV. 
Chromates. — Borates. — Fluates. — Fluo- 

BORATES. 

^ Chromates, or the salts of chromic acid, are 
mostly either of a yellow or red colour; the latter 
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tint predominating whenever the acid is in ex- 
cess. The chromates of the common metals are 
decomposed by a strong red heat, by which the 
acid is resolved into the green oxide of chromium 
and oxygen g^as; but the chromates of the fixed 
alkalies sustam a very high temperature without 
decomposition. Without exception thev are all 
decomposed by the united agency of neat and 
combustible matter. The cnromates are in 

general distinguished, sufficiently dbtinguished, 
y their colour. They may be known chemicsdly 
by the following character:— op boiling a chro- 
mate in muriatic acid mixed with alcohol, the 
chromic acid is at first set free, and is then 
decomposed, a green muriate of the oxide of 
chromium bein^ generated. 

The bnly native chromate hitherto discovered 
is the red chromate of lead from Siberia, in the 
examination of which Vauquelin discovered 
chromium. 

Chromates qfPotass^ from which all the com- 
pounds of chromium are directly or indirectly 
prepared, is made by heating; to redness the 
native oxide of chromium and iron, commonly 
called chromate ofiron^ with an equal weight of 
the nitrate of potass, when the chromic acid is 
generated, and unites with the alkali of the 
nitre. 

Obs. — ^The bichromate of potass, which is made in lai^ge 
quantity in Glasgow for dyeing, is prepared by acidulating the 
neutral chromate with sulphuric acid, and allowing the solutioii 
to crystallize by spontaneous evaporation. The insoluble salts 
of chromic acid, such as the chromates of baryta, lead, protox- 
ide of mercury, and silver, are prepared by mixing the soluble 
salts of those bases with a solution of the chromate of potasiaf 
The two former are yellow, the third orange, and the fijurth 



FIRST LINBS, OF CHEMISTRY. 121 

deep red or purple. The yellow chiomate b now extenslTely 
used as a pigment 

Borates. — The borates, or salts of boracic 
acid, are all fusible into glass; and, with most 
of the metallic oxides^ form glass of different 
colours. Concentrated solutions of some of the 
borates, especially that of soda, afford by the 
strong acids scaly crystals of boracic acicL The' 
principal boracic salts are the borates of lime, of 
magnesia, and of potass. 

06s, — ^The chief use of borax is as a flux, and for the prepara- 
tion of boracic acid. The bi-borate of magnesia is a rare 
natural production, known by the name of ioracite. 

Fluates.— The principal fluoric salts are the 
fluates of lime, soda, ammonia, alumine, and 
silex. Thej are all decomposed by sulphuric 
acid, yielding a vapour which corrodes ^lass, 
which, when condensed in water, forms liquid 
fhioric acid. They are not decomposable by 
mere heat, nor altered by combustibles. 

Ois, — ^Five fluates have hitherto been found native; namely, 
the fluate of lime, oxjiuor tpaPf the fluosilicate of alumina or 
tapaZf the fluate of cerium, the double fluate of cerium and 
yttria, and the double fluate of soda and alumina or cryolif&/ 
The four latter are very rare minerals, but the former is abun- 
dant 

Fluoborates. — The compounds of this acid 
with salifiable bases are yet almost entirely un- 
knowUf 
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CHAPTSB XV. 



CABBMAmAi 



Q. How are the cafboBMfs dktioguUhed from 
other salts} 

A. The carbopales are distinguished from 
other salts bj being dec<mipo8f d with efferves- 
cence, in consequence of the escape of carboqic 
acid gas, by nearly all the acids, 

06s, — With the exception of the cai^natet of potaaHt, 
loda, and litfaia, all the carbonates may be deprived of their acid 
by heat The carbooata of bairyta aad ttiontia» eipeciaUy the 
farmer, require an intense white heat to decompose theni^.f those 
of lime and magnesia are reduced to the caustic state by afidl 
red heat, and the other carbonates part with their carbonic acid 
i^hfln Ideated to dull redness. AU the carbonates, excepting 
thQse of potass^ soda* and ammonia* are sparingly soluble in 
pure water; but all of them are more or less soluble in an excess 
of carbonic acid, owing doobtles to the formation of supersalts. 

Several of the carbonates pccur in, a native 
state, among which may be enumerated the 
carbonates of soda, baryta, strontia, lime, mag- 
nesia, manganese* protoxide of iron, copper, 
lead, and tne double carbonate of lime and 
magnesia. 

■ ■■■■!« ■ ■ ■ ' ■ ■ ■ .. 

"' ^ 'Tbe nomenclature of the salts is peculiarly exceptionable 
as dpi^ed -lo the earbkAstes. The. two well known carbonates of 
potass, for instance, are distinguisbed by the prepositions sub arul 
super, as if one had an alkaline and the other an add re-action $ 
whereas, in fact, according to their action on test paper, they are boUi 
sub-salts. We shaU, therefore, on the authority of a late wnter, apply 
the generic name of carbonate to those salts which contain one atom 
of carbonic add and one atom of the base — comnounds which may be 
regarded as neutral in composition, however tney may act on the 
colouring matter of plants. 
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Oarbok^ts Of* PoTAssit is procured in an 
impwire stufte fay bumii^ land planta, luu^iatiiig 
tbm ashes, and evaporatii^ the ^sciutton to 
(brnmess, z process petiformea .on a large scale . 
in Russia and Aacierica.. 7btis ofatained, it is 
l^nown in eooimerce by the name of pataahsLD^ 
pearlash^ ' and is employed in many of the arts, 
especially .in marking soap and glas^i. In this 
condition it always contains other salts, as suU 
pb.9te and muriate of potass,^ consequently tor 
qjieimiGal purposes^ it snould hie jprepared from 
QTcO^iW of tactar, the bi**t^rtrat^ or potass. 

'0&(-r^Pure carbonate of potass has a atrongly alkaline taste, 
aod is slightly caustic; and oomnninicates a greeato the blue 
colour of the violet 

The Bucarban(zie of Potass is made by 
transmitting a current of carbonic acid gas 
through a solution of the carbonate of potass. 
By: slow evaporation, the bi-carbonaCe is de^ 
posited from tlie Kquid in regfular prismatic 
^stals. Though milder than the carbonate, 
it is both alkaline to the taste and to test 
papers. 

Ca'RbonA'TE op Soda. ^^ The carbonate of 
seda of commerce is obtained by lixiviating 
the ashes of sea-weeds. The best yarietj^ is 
kiMywn by the name of barilla, and is derived 
chiefly from the salsola soda and satieornia 
harhcbcetu A very inferior kind, known by the 
name of k^p^ is prepared from sea-*weeds^ on 
tj^e -novthem shores of Scotland. The purest 
bsnriliay however, though well ^dupted for 
making soap and glass, and for other purposes 
in the arts, always contains the 'Sulphates and 
niuriates of potass and soda, consequently is of 
IH^le ^ervioe to ^he cbsmists. A purer carbons^ 

• g2 
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is prepared by heating a mixture of sulpkate of 
soaa, saw-dust and Time, in a reTeroeratory 
furnace; after which it is obtained by lixivia* 
tion and crystallization. It is difficult to obtain 
this salt free from sulphuric acid. 

Ois.'—The carbonate of loda crystallize in octahedrons with 
a rhombic base, the acute angles of which are generally tnm- 
cated. The crystals effloresce on exposure to air» and, when 
heated, dissolve their water of crystallization. 

Bi^carbonate of Soda is made by transmitting^ 
a' current of carbonic acid gas through a solu- 
tion of the carbonate, and is deposited in crys* 
talline grains by evaporation. Though alkaline, 
it is much milder than the carbonate, and far 
less soluble. 

Sesqui^carbonaie of Soda is a compound 
that occurs native on the banks of the IsJces in 
the province of Sukena in Africa, whencie it is 
exported under the name of Trona. 

Carbonate of Ammokia.— The only method 
of procuring this salt is by mixing dry carbonic 
aciq over mercury, with twice its volume of am* 
moniacal gas. It is a drv volatile powder, of 
an ammoniacal odour, and alkaline re-action. 

Bi^carbonate oj' Ammonia is formed by Ber>» 
thollet, by transmitting a current of carbonic, 
acid g^ through a solution of the common' 
Carbonate of ammonia of the shops. 
. Sesqu^carbonaie of Ammonia. — ^The sub-car- 
bonate of ammonia of the shops, is different 
from both these compounds. |t is prepared by 
beating a mi;cture of one part of^ diiiriat^ of 
ammonia with one part and a half of the carbo* 
nate of lime, carefully dried. 

Carbonate of Barytes. — ^This occurs abun- 
dantly in the lead mincis in the north of Eng-' 
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land, where it was discovered by Dr. Witherings 
whence it received the n^ime o( Wiiherite. 11 
may be prepared hj double decomposition, bj 
mixing a soluble salt of baryta with any of the 
alkaline carbonates or bi^carbonates* It is 
llig^hly poisonous. 

Carbonate of Sthontia occurs native at 
•Strbntian ia Argylshire, and is known by the 
liatne of Sinmhaniten It may be prepared in 
ttie same way as the carbonate of barytes. It 
is very insoluble in water, but is dissolved by 
^n excess of carbonic acid. 

Carbonate of Li ME.-^This salt occurs abun^ 
dantly in a natural state under a variety of 
forms, as common lime-stone, chalk, marblef, 
aod Iceland spar, and in regular cryst«Js. It 
nay also be formed by precipita;tion« It is 
sparingly soluble in water, but may be dis* 
^lyed by carbonic acid in excess. 

Carbonate of Magnesia. — This salt' is 
easily prepared by adding carbonate of potass 
in; slight excess to a hot solution of sul{]^hate of 
magnesia, and edulcorating the precipitated 
4carDonate with warm water. 

' 0^«.— The native oarbbnate of magQesia, according \o the 
analysis of Dr. Henry and Stromeyer, is aunilar in com- 
position to the precipitated carbonate. 

Carbonate of Iron» — Carbonic acid does 
not form a definite compound with the peroxide 
of iron, but with the protoxide it constitutes a 
salt which is an abundant natural production, 
occurring sometimes massy, and at other times 
crystallized in rhomboids or hexagonal prisms. 
This protocarbonate of iron is contained also 
in most of the chalybeate mineral waters, being 
held in solution by free carbonic acid ; and n 

o 3 



106 .FWfiT MPBS OF OHBflMTIIT. 

mar be forra^ bj mixing ail alkaKne earbofnal^ 
witD the protosul^ato onron. When preparle^d 
ht preclpitatioQ it attfaets etygen rapidl j from 
tne atBMispkerey and the protoxide oi iron paiss^ 
ing into tne state of peroxidof parts with cair* 
bonic acid. It b owing to tbisy thai the car* 
bonate of iron of the pbarmacopceia, is of a 
red colour, and consists chiefly of the peroxide. 
CAnnoNATB OF Coffer^— ^Im beautiful green 
mineraly called malachke^ is a carbonate of the 
^roxide of copper ;- and a similar c0mpoiin4 
may be formed from the persulphate hy ctouUe 
decomposition, or hj exposing metallic copper 
to air and moisture. (See Journal qfSeiem^ 
vol*, iv*) 

03#.-r>Tfae blue jyignttat called terdHet, said to he pteptM 
by decompoBUig the nitrate of copper by cfaali» it aa impoe 
carbonaAe. 

, CAaBOjiATB OF LiiAl>.-^This sak'(tbe i^ite 
lead or ceruse of painters) occurs native, but 
may be obtained by double decomposltioA. It 
h prepared for the purposes of commerce hf 
expoeuag coils of thin sheet lead to the ya«- 
pours o? vinegar, when, bj the united actiOVi 
of the oxygen of the atmosphere and the aeid 
fumes, the lead is both oxyaated and converted 
into a carbonate. 
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CHAPTER XVI. 



SALTS OF THE BTDR ACIDS. 

By salts of hydracids are meant those saline 
compounds^ the acid of which contains hy* 
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fltog^a a3 one of Us ekmemK These ^altof 
owing to their peculiar constitution, have eer^ 
tain common properties. The? are all exposed 
to the action of divellent ana three quiescent 
liffinities. 

£x.— ^Iq the miriale of ndA the foroes which tend to pre« 
veaf or claoge are the attractioa of sodainn in oxjrgen* of 
chlorine fof hydrogen* and of muriatic add for soda^ "while 
the opposite affinities wle the attraotion of chloritie for sodinq^ 
fuadof hydrogen forgxygiBa* The latter always prepondertte 
when heat is employed^ because the volatility of water favoun 
the production of that fluid j, and in many instances the a& 
finities appear so nicely balanced, that the cohesion of one of 
the compounds is sufficient to influence the result, aa exem- 
plified by the muriate of soda^ which, in the act of crystal- 
lizingt isooaverted into the chloride of sodium;* 

Muriates or Htdrochlorates. — ^Most of 
thci salts of muriatic acid are isoluble in water, 
^nd Some of them etist onl^ in a state of solution. 

The muriates are distmguished from othet 
^Its by forming the white insoluble chloride of 
silver when mixed with the nitrate of that 
base, and bj being decomposed with disengage* 
ment of muriatic acid. The decompdsition of 
the muriates, owing to the yolatile nature of 
their acid, is effected bj the phosphoric and 
drsenic acids at the temperature of ebullition. 

Muriate op Potass and Soda. — These salts 
only exist in * a st^te of solution, and are fre» 
quently contained in minetal Springs*. The 

* Most of the lalts composed of a hydnusd and a EoetalUc oxide 
are so constituted, that the oxygen of the oxide contains a quantity 
of oxygen precisely for forming water with the hydrogen of me tuda. 
This is true, without exception, of all the neutrai compounds con* 
taining a protoxide, and it likewise holds good in many other cases. 
Tamer's Elem. of Chemittryf p. 499. 
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muriate of soda, or common table salt, isih0 
chief coDstituent of sea^water. 

Muriate of Ammoicia. — The sal ammoDiac 
of commerce, formerly imported from Egypt; 
where it is procured dj sublimation, from tne 
soot of camels^ dune, is now extensiTelj manu- 
fikctured in Europe oy several processes. The 
most usual method is to decompose sulphate of 
ammonia hj the muriate either of soda, or 
of magnesia. It may^ also be conreniently ob-« 
tainea either by lixiyiating the soot of coal, 
which contains tnat salt in considerable quantity ; 
or by digging the impure carbonate of ammonia, 
procured by exposing bones and other animaf 
substances to a red heat, with j?jpsum, so as to 
form an insoluble carbonate of lime, and a solu-^ 
ble sulphate of ammonia* 

' Muriate! of Baryta, is beeit formed by dt^ 
solving the carbonate of baryta, either native oi^ 
artificial, in muriatic acid, diluted with three 
p^rts of water. It may aWo be formed by the: 
action of muriatic acid, or the hydrosulphuret 
of baryta ; or by heating sulphate of baryta witlt 
ap equal Weight of muriate of lime until fusioi^ 
ensue, and then dissolving the muriate of barytar 
which is generated, and separating it by meaEi[9 
of a filter from the sulphate of lime. This salt 
crystallizes readily in quadrangular tables, when 
its solution, is gently evaporated. It is mUph 
employed as a re-agent in chemistry. 

Muriate op Strontia. — This salt is made in 
the same way as the muriate of baryta, from: 
which it b distinguished by forming prismatie 
crystals, by its soluoility in alcohol, ana by im-^ 
parting a red tint to flame. 
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Muriate of Limb is formed by neutralizing 
muriatic acid with pure marble. 

Muriate of Magnesia exists in many mineral 
springs; and is contained abundantly in sea« 
water. 

Ohs, — ^Wben the muriate of soda is separated from sea- wafer 
by fuystallization, an uncrystallizable liquid, called bittern^ is 
Idt, which consists chiefly of the muriate of magnesia, and is 
much employed in the manufacture of sal ammoniac, for 
decomposing the sulphate of ammonia. 

• Muriate of Iron. — ^When iron is dis$94ved in 
dilute muriatic acid, a muriate of the protoxide 
is generated, which yields pale green-coloured 
cry^als^ when the solution is concentrated by 
evaporation. This salt is much more soluble in 
hot than in cold water. It absorbs oxygen with 
rapidity from the air, forming an insoluble 
muriate of the peroxide. When boiled with at 
little nitric acid, a soluble muriate of the 
peroxide is generated, which is of a red colour^ 
crystallizes with difficulty, deliquesces on ex- 
posure to air, and is dissolved by alcohol. It is 
a sesquimuriate, being composed of one atom of 
the peroxide, and an atom and a half of muriatic 
acia. 

P^.-— The black oxide is also dis^lved by muriatic acid, 
forming a dark-coloured solution, which may be considered 
as a mixture of the muriates of the peroxide and protoxide of 
iron. 

Hydriodatbs.— These salts are formed by the 
union of hydriodic acid* with the alkalies and 
alkaline earths, with magnesia, and with oxides 
of manganese^ zinc ^nd iron : with several of the 

* Hydrogen and iodine, ^wlodme* 

o 4 
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metallic uidei it does not enter into coin- 
binatioo. 

Jijr.— Oa inixfng the byariodate of potaflU Wtth li ttk of 
mercary or ftilver, the iodite of thoie metab aie deporiiid. 
With the acetate of lead a yellow compound is thrown down^ 
which is the iodide of lead. 

The most direct mode of fonmng tbe faydri* 
odates of the alkalies and alkaline earths, all of 
which are soluble in water, and' decomposed Irjr 
sulphuric and nitric acid, or bj chlorine, is br 
neotralizinff those bases, with hjdriodic acid. 
The bydriodatds- of iron and dine may be made 
bj digesting small fragments of those metals 
with water in which iodine is suspended. . 

The Oftlv kydri6dates hitherto lOundnatiYe' are 
those of potass tod soda ; of these the former is 
most ooirtmon, although the only one of import-r 
ance^ atid^ exists only in solution ; for it is ^fw 
verted in the act of ci!ystaUiziag into the iodide 
q( potassium* 

06$,^ A 801111100 of the bydtiodiite of potassa is capable of 
dissplving a large quantity of iodiiie» ft property whioh iS'OQin- 
taion to fed] the hydriodatea 

Hydrosulphurets or Hydrosulphates. — 
With the alkalies, alkaline earths, and magnesia, 
sulphuretted hydrogen forms soluble salts, m6st 
of which are capable of crystallizing. With the 
alkalies, indeed, if not with other bases, this acid 
unites in two proportions, forming a hydro* 
sulphate and a birhydrosulphate. 

As sulphuretted hydrogen is a weak acid, and 
is naturally gaseous, its salts are decombbsed by 
most other acids, with the Isscaue of sulpnuretted 
hydrogen gas; a character by which all the 
hydrosulphates are easily recogni^edi. They are 
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also decomposed by chlorine and iodide^ with 
separation of sulphur and formation 6f a muriate 
or h^driodate. In ' a recent state, they form 
solutions, nearly colourless; but on: exposure to 
the air oxygen gas^ is absorbed, a portion of its 
acid b deprived of its hydrogen, and a su1» 
phuretted bydrosulpbate of a yellow colour is 
generated. By . continued exposure, the whole 
of the sulphuretted hydrogen is decomposed) 
l^ater and hydrosulphurous acid being pro- 
duced. 

Obs, — ^The hydiosalpliates of baryta and strontia (prepared by 
diSBolving the suiphurets of barium and strontium in water) ard 
•ometimeB used in prfepaving' the salts of thbae bases. The 
hydrosulpfaatfiS of potaasa and ammonia are employed as t^ 
agents* 

The hydrosuiphates of potassa and of ammonia 
are made by transmitting a current of sul- 
phuretted hydrogen gas into a solution of their 
r^peetiTe basest con^Linedin Woulfe's appara- 
tus, and continuing the operation as long as the 
g9S is absorbed^ 

. ' Hydroseleniatts have been little examined, 
owing to the scarcity of selenium. 

. HY©Roc¥A»TES.r— These are salts formed by 
the union of hydrocyanic acid with alkalies, 
alkaline earths^ and probably with several other 
liases; but these compounds have hitherto been 
studied but very imperfectly. The hydrocyanate 
of potassa. is the best known, [t is generated by 
the decomposition! of water when the cyanuret of 
potassium is put into the fluids and may be made 
directly by mixing hydrocyanic acid with a 
solution of potass. It appears only to e^st in 
solution { for when evaporated to dryness, it is 
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conyerted into the cyanuret of potattivm, a com* ' 
pound much less liable to spontaneous decompo-^ 
sition than hydrocyanic acid, and is capable of 
supportii^ a very high temperature m close 
vessels without chang^e* It is deliquescent and 
higfhiy soluble in water. The solution spives a 
green colour to violets, and has an lukaline 
taste, accompanied with the flavour and faint 
odour of hydrocyanic acid* It is decompose^ 
by nearly all the acids, even by carbonic acid, 
and on this account should be preserved in well 
closed vessels. It acts upon the animal system 
in the same manner as hydrocyanic acid ; and 
MM. Robiquet and Villerme have proposed its 
employment in medical practice, as being more 
uniform in strength, as well as being less prone 
to decomposition than hydrocyanic acid. (See 
Magendie^s Journal de Physiohgie^ vol. iii.) 

Ferrocyanatbs. — As far as is known, these 
salts appear to be formed in the same manner as 
the salts of the hydracids in general, that is, the 
hydrogen of the acid is in the exact proportion: 
for forming water with the oxygen of the sali- 
fiable base with which it is united. Thus, the, 
ferrocyanate ofpotassa, sometimes called triple 
prussiate of potassa, a perfectly neutral salt, is 
composed of one atom of ferrocyanic acid, which 
contains .two atoms of hydrogen, and two atoms 
ofpotassa. With alkalies and alkaline earths, 
hydrocyanic acid forms scduble compounds; 
but it precipitates nearly all the salts of the 
common metals, giving use either to the ferro- 
cyanate of an oxide, or to the ferrocyanuret of 
a metal. . 

*^* This salt is made on a large scale in the arts by igniting' 
dried blood or.o^er animal matters, such as boofe and hom^ 
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with potash and iron. The ferrocyanate of potaas is empbyed 
in the preparation of several compounds of cyanogen, and as a 
re-agent for detecting the presence of iron and other sub- 
stances. 

The f^errocjfonate of Baryta is prepared by 
dififestio^ purified Prussian blue with a solution 
ofpure baryta. It is solublis in water, and forms 
jellow crystals by evaporation. It is used in the 
formation of ferrocyanic acid. 

*4i* In a solution of salt of lead, the ferrocyate of potassa' 
throws down a white precipitate. With salts of mercury and' 
sHver, analogous compounds, likewise of a white c6lour, are 
generated. With a per-salt of copper, it causes a brownish-red' 
precipitate, which appears to he the ferrocyanate of thie peroxide' 
of copper. 

The Ferrocyanate of the Peroxide of Iron \i 
formed by mixing the ferrocyanate of potassa 
with a per^salt of iron, in slight excess, ana wash- 
ing the precipitate with water. It is characterised 
by an mtensely deep blue colour, aiid is the 
basis of the beautiful pigment' called Pr^snan 
blue** 

Sulphocyanates. — The salts of the sulphocyatiic 
acid pave been chiefly studied by Mr. Forret 
and Berzelius, to whose writings and those of 
other modern chemists, we refer for the descrip- 
tion of it, as well as for an elaborate detail of tne 
other salts of the hydracids. 

*«* The sulphocyaqate of potassa is employed in preparing 
the sulphpcyanic acid, and as a test for detecting the presence^ 
of the peroxide of iron. 

• For an account of the ferrocvanic acid, See the Essays of 
Proust, Berzelius, Robiquet^ in the Annales de Chimie, toI. 1z% Also 
Turner's Elements of Chemistry, p. 509. 
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CHAPTER XVII. 



METALS. 



' Qr What are the general properties of 
metals f 

A. Metals are distinguished from other sttb- 
stances by the following and other properties :«- 
they are all conductors of electricity and caloric. 
When combined with oxygen, chlorine, iodine, 
or 8ul{:^ur, and the resulting compounds are 
submitted to the action of galvanism, the metals 
always appear at the negative side of the battery, 
and tor this reason thejr are said to be jpositiFe 
electrics. They are quite opaque, refusing a 

{Passage to lignt, though reduced to very tnin 
eaves. They are in general good reflectors 
of light, ana possess a peculiar lustre. Every 
substance in which these characters reside, may 
be regarded as a metal. 

Q. what are the other characteristics of the 
tnetals ? 

A. To the above may. be added their hard- 
ness, tenacity^ fusibility, malleability, and due* 
fility; but some metals are neither malleable' 
nor ductile. 

Q. How are the metals procured? 
• A. They are generally taken from the bowels 
of the earth, in a state of combination, either 
with other metals, with sulphur, oxygen, or with 
acids ;* though a few of them have occasionally 
been found in a state of purity. 

.1 . —— — ^ ■ -^ w—m— —IT- — - — — - - ^^ 

* The sulphuric^ muriatic, phosphorici and carbonic acidf, are 
dioie generally found in combination with metali. 
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Q. By what means are the metals purified 
from these substances ? 

A. Metals are purified from their, oreis, by 
Vadhin^, toasting*^ fusion, &c., but the means 
must always be reg'ulated by the nature of the 
pre to be assayed. 

Ohs, — ^The analysis of metallio ores ill' th6 great, is always 
performed by fire, and this is always caHed the dry way ; but 
the more accurate analysis is efibcted by means of various 
cfcemioal re- agents, which modem chemistry has applied to 
that purpose, and is termed the moui way. Before the 
time of Bergman, every kind of analysis of minerals was 
ocmducted by fire ; he was the first chemist who resorted to 
the method of solution in acids, which is easy, simple, and 
efifoctual. 

Q. How many metals are there % 
Jl. The number of metals, the existence of 
which is admitted by chemists, amount to forty. 

Ohi, — ^The following table contains the names of those metals 
that have been procured in a state of purity, with* the date of 
their discovery, and the names of the chemists by whom they 
discovered. 

Tahle of the Meialsy Sfc. 



fiunf of Mctala. 

tteid.,..:, 

Sflver...., 

Copper. ..•• 
Mercury.... 
Lead..... 

Tin , 

Antimony ... 

Zinc 

Bismuth 

Arsenic*. > 
Cobalt . • • . 3 




Known to lihe anoioDts ,.m .> 



• • 



Described by Basil Valentine 15th cent. 
Described by Agncola ..... 1520 
Firstmentioned by Paracelsus 10th cent 
ByBiandl • k. 1739 



Date of 
dtocoTeiy. 



Sp«c..Gr. 



10.474 

7.788 

8.895 

13.368 

1 1.352 

7.291 

6.'702 

$6861 

Uo7.1 

9.823 

58.308 

^ 8.53d 
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NaaiM of McUI«< 



By whom dtocoTtred* 



Dmteof 



Spec. Gr. 
«0P. 



PUtmum ••••|Wood,asiay matter, JamaioT 

Nickel iCnmitedt 

ItftDganeK • • .Gahn and Scheele 

Tun gsten . . . . IM.M. D*Ehuyart 



Tellurium. . • . 
Molybdeaum 
Uiaoium •••. 
Titanium .... 
Chromium .. j 

Columbium • • 



MflUer 
Hielm.... 
Klapioth 
Gregor .. 
Vauquelin 

Hatcbett.. 



PaUadium.. 
Rhodium 



::} 



Iridium, 
Ounium 



Cerium 



lium ..*^ 
m • • • • I 

m .. j 
i. . . .J 



Dr.Wollaston 

( DeacoteU and Smithaon 7 

i Tennant 3 

Smithaon Tennant 



Hesinger and Beneliua . • . • 



Sir Humphrey Davy 



Stromever 
Arfroecuon 



Berzelius 



1741 
1751 
1774 
1781 
1782 
1782 
1789 
1791 
1797 

1802 

1803 

1803 
1803 

1804 



1807 



1818 
1818 

1827 



20;98 
8.279 
6.860 

17.6 
6.115 
7.400 
9.000 
5.3 

C11.3, 
] to 
C1I.8 



i4A89 
j to 

(4.619 



619 
0.865 
0.972 



8.604 



Potassium 

Sodium 

Barium 

Strontium 

Calcium 

Cadmium 

Lithium 

Silicium • • • ? , 

Zirconium... 3 | 

Ods. — ^Most of the metals aie remarkable for their g;reat 
specific gravity, some of them, such as gold and platinum, the 
densest bodies known in naturn^ being more tban nineteen 
times heavier than an equal bulk of water. Great .density was 
once supposed to be an essential character of metals ; but the 
discovery of potassium and sodium, which are so light as to 
float on the surfoce of water, has shown tliat this supposition is 
erroneous. Some metals experience an increase of density to a 
certain extent when hammered, their particles being perma- 
nently approximated by the operation. On this account the 
specific gravity of some of the metals contsdned in the above 
table, is represented as varying between two extremes.* 
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Malleability of McitALS. — iSome metals 
possess the property of malleability^ that is, they 
admit of being beaten into thin plates or leaves 
by hiammering : of these are 

Gold* Lead 

Silver Zinc 

Copper Iron 

Tin Nickel 

Platinum Potassium 

Palladium Sodium 

Cadmium Frozen Mercury 

. The other metals are either malleable in a 
very small degree only, or like antimony, arsenid 
ana bismuth, are actually brittle. 
. The tenacity of metals is measured by ascer- 
taining the greatest weight which a wire of a 
certain thickness can support without breakings 
According to the experiments of Guyton Mor*- 
veau, whose results are comprised io tne follow- 
ing^ table, iron, in point of tenacity, surpasses all 
other metals. 

The diameter of each wire was 0.787th of a 
line. 

Iron wire supports • . • • 549.251bs, 

Copper 302.278 

Platinum 274.32 

Silver . 187.137 . 

Gold ......... 160.763 

Zinc 109.64 

Tin 34.63 

Lead 27.621 

* Gold surpasses all metals in malleability: one grain of it may be 
extended so as to cover about 52 square inchea of sunace, and to have' 

a thickness not exceeding ngso^ ^^'^ ^^^^ ^' ^^^^^°^ ^^ ^e- 
fldibed a method by which gold wire may be obtained so fine that its 
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Tbe DMlftls differ ako in degrees of hacdness, 
though ire are not aware that their exact reht* 
tion to one another in this respect has hitfac^to 
deen determined bj experiment In the list of 
hard metals may be placed titanium, manganese, 
iron, nickel, copper, zinc, palladium — ffold, 
silver, and platinum are softer than these; lead 
b still softer, and potassium and sodium jield to 
the pressure of the fingers. 

Tne properties of elasticity and sonorousness 
are allied to that of hardness. Iron and copper 
are in these respects the most conspicuous. 

Manj of the metals have distinctly a crystal* 
line texture. Iron, for example, is nbrous ; and 
zinc, bismuth, and antimony are lamellated. 
- Metals are sometimes ontained also in crys- 
tals; and when they do crystallize^ they always 
assume the figure of a cube, the regular octa-t 
hedron, or some form allied to it. Gold, silver, 
and copper, occur naturally in crystals, white 
others crystallize when they pass gradually from 
the liquid to the solid condition. 

With the exception of mercury, the metals are 
solid at common temperatures ; but they may all 
be liquefied by heat. And their point of fusion 
is very difiPerent for difierent metals. They differ 
also m volatility. Some are readily volatilized by 
caloric, while others are of so fixed a nature that 
they may be exposed to the most intense heat of 
a wind turtiaoe without bein^ dissipated in va- 
pour. There are seven metals the volatility of 

diameter shall be only ^^ of an inch, and that 550 feet of it are 
required to weigh one grain. He has obtained a platinum wire so 
small, that its diameter ^d not exceed ^^ of an inch.— *PAi/. 
Trant. 1813. 
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nrhich hns been ascertained with certainty, 
iiaAelT, cadmium, mercury, arsenic, tellurium, 
]potasesinm, sodium and zinc. 

i[)B8. — ^The metals cannot be resolved into more simple parl^ 
and therefore in the present state of chemistry, they must be 
regarded as elementary bodies. It was formerly conceived they 
might be converted into one another; and this notion led to 
the vain attempts of the alchemists to convert the baser metals 
into gold. The chemist has now learned that his sole art con- 
sists in. resolving compound bodies into their elements, and 
causing substances to unite which were previously uncombined* 

CoMBUSTI;BLE NATURE OF MeTAIiS. — ^Metols 

are of a combustible nature, that is^ they are not 
only susceptible of slow oxidation, but under fa* 
vourable circumstances, they unite rapidly with 
oxygen, giving rise to all the phenomena of 
actual combustion. 

£j?.— Zinc bums with a brilliant flame when heated to full 
redness' in the ope^ air ; iron emits vivid scintillations on being 
inflamed in an atmosphere of oxygen gas ; and the least 
oxidisable metals, such as gold and platinum, scintillate in a 
Bimikf manner wfaeti heated by the oxy-hydrqg;en blow-pipe. 

Obs, — The product either of the slow or rapid oxidation of 
a metal, when heated in the air, has an earthy aspect, and was 
called a cali/x by the older chemists, the process of forming it 
being expressed by the term calcination. Another method of 
ozidizmg metals is by defiagrtUion : that is, by mixing them 
with the nitrate or chlorate of potassa, and projecting the mix« 
fure into a red hot crucible. 

Affinity of the Metals for Oxygen.— 
Some of the metals unite with oxygen in one 
proportion only, but most of them have two or 
three degrees of oxidation. They differ remark- 
ably in their relative forces of attraction for 
oxygen. 
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£f.-*P«a«iiatiandaodh]m tie oudisedby mefe expdnne 
to the aif ; and tbey <Ucompote water at all temperatuiet the 
instant 'they come in contact with it* Iron and o^iper may be 
preserved in dry air without change^ nor can they decompote 
water at common temperatures; but tbey are both slowly 
oxidized by exposure to a moist atmosphere, and combine 
rapidly with oxygen when heated to redness in the open air. 
Iron has a sfrooger affinity for oxygen than copper ; the for- 
mer decomposes water at a red heat, whereas the latter cannot 
produce the same effect. Mercury is less inclined to unite with 
oxygen than copper. Thus it may be exposed without change 
to the influence of a moist atmosphere. At a temperature of 
€50P7.f or 700^, it is oxidised; but at a red heat it is re- 
•dnoed to the metallic state, while the oxide of copper can 
sustain the strongeit heat of a blast furnace without losingits 
oxygen. The affinity of silver is still weaker than that of 
mercnry for oxygen; for it cannot be oxidized by the sole 
agency of caloric at any temperature. 

Metallic oxides suffer reduetion, thai is, they 
maj be reduced to the metallic state in several 
wavs: 

1. By the agency of heat alone. By this me* 
thbd the oxides of gold, silveri mercury, and pla- 
tinum, may be decomposed. 

2. By the united agency of heat and combus- 
tible matter. 

Ex, — By conducting a current 6f hydrogen gas over the 
oxides of copper or of iron heated to redness in a tube of por- 
celain* water is generated, and the metals are obtained in a 
pure form. Carbonaceous matters are likewise used for the 
purpose with great success. Potassa and soda, for example^ 
may be decomposed by exposing them to a white heat after 
being intimately mixed witii charcoal in fine powder. A si* 
milar process in metallurgy for procuring the metals from their 
ores, ihe inflammable materials being wood, coke, or charcoal . 
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In the ixK»e delicate operations of the laboratory, charcoal and 
the klack-^ux* are preferred. 

3. By the ^Ivanic battery. 

O^*:— This, is a still more powerful agent than tiie preced- 
ing ; since ibmA oxides, such as baryta and strontia, which 
raist the united influence of heat and charcoal, are reduced by 
the agency of galvanism. 

4. By the action of deoxidizing agents on 
metallic solutions. 

£x.— The phosphorous acid when added to a liquid con- 
taining the 03(ide of mercury, deprives the oxide of its oxygen * 
metallic mercury subsides, and phosphoric acid is generated. 

In like manner, one metal may be precipitated* 
by another, provided the afiBnity of the latter for 
oxygen exceeds that of the former. 

' JB^^-^When mercury is added to a solution of the nitrate of 
the oxidie, metallic silver is thrown down, and oxide of mercury 
is dissolved by the nitric acid.. On placing metallic copper in 
the Uquid, pure mercury subsides, and a nitrate of the o*ide of 
copper is formed; and from this solution metallic copper may 
be precipitated by means of iron. 



CHAPTER XVIIL 

GENERAL OBSERVATIONS ON THE METALS* 

Like the simple non-metiEillic bodies, the 
metals may giVb rise to oxides or acids by com- 

* 1¥heii the bi-tartrate of potassa is cleft or grated with half its, 
weight of nitre, by which a part of the charcoal is consumed, it forms 
Vkusk-fiux ! and when an equal weight of nitre is used, so as to oxidise 
all the free carbon of the tartaric acid, a pure carbonate of potassa, 
called whiie-Jbuc, is procured. 
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himng with oxjgea: the formiNr are the most 
freauent products. 

Many metals form o;iidas> which are not aci- 
dified by oxygen ; whereas one metal Qxifyf 
arsenic, is capable of forming' an acid and not 
an oxide. All the other metsus are convertible 
into acids by oxygen; such as chroiftiiiiD« tung9« 
ten, and molybdenum, are also susceptible of 
ytelding one or more oxides. In these instances, 
the acids always contain a larger quantity of 
oxi^en than the oxides of the same metal. 

Toe distinguishing feature of the metalKc 
oxides is the property possessed by many of 
them of entering into combination wJA aoids. 
Alt salts, those of ammonia excepted^ are com.- 
posed of an acid and a metallic oxide. 

In some instances all the oxides of the ssame 
metal are capable of forming salts with acids, as 
is. exemplified with the oxides of iroe. More 
Qommonly, however, the protoxide is the sole 
alkaline or salifiable base. 

Most of the metallic oxides are insoluble .in' 
water ; but all those that are soluble have the 
property of giving a brown stain to the yellow 
turmeric paper, and of restoring the blue colour 
of reddened litmus. 

*«* Chlorine has a pow^ul affinity for i^etallic subfitanoet. 
It readily combines with most metals at common temperatuies, 
and the action in very many instances is so violent as to be ac- 
companied with the evolutidn of light 

iHtT.-- When powdered zinc* Aisenic oraatiiviOBy,,or.@Dld 
Ifi^, is ttirown into « jarof cblorine (oxyqajunatie) slM,: Ibe 
metal is instantly inflamed. The attraction of chlorine even 
surpasses ditft of oxygen for metals. 

.JE^.S^-^Wfaencblorineis brought intocQBtact at a ladbeat 
wiUi pme lime, magnesia^ bsryta, strontia, potassa, or sod». 



FIBST LIKES OF €»EKISTRY. 14) 

oxygeo is emitted, and a cUoride of the metal .is gsDented^ 
t|i^ elements of nhipifi are so strongly uoited, thaftso tem^pen** 
tufe .bitt^rto tried caB aepaiate them. 

All other .metallic oxides ape acted upon, with 
few exceptumsy in the same manner by chlorine ; 
axMl in some oases the change takes place bekw 
ignition. 

MEiTAiiXic CHLOitiDBs* — All 4he metaitic 
chlorides ar« solid at 1^ common teaiperaturey 
exoept the bi-idiloindes of tin and of arsenic, 
vihicli are liquid. They are fusiUe hj heal, 
assume a evystalline texture in cooling, and, 
itfkder faV'OuraUe circumstances, cryst-allize wifh 
f egularify. Sie^eral of them, such as^he chlorides 
of tin, arsenic, antimony, and mercury, are vo^ 
If^e; and may be suUimed without change. 
For the most part they are colourless, do nof 
possess ifae metalHc lustre, and ha^e <lhe aspect 
of salt. Two of the ichlorides are insoluble in 
wates, namely, 4:be chloride of silver and the 
protochloride of mercury : the others SHreaffiK^ted 
Djr that fluid in various wava. 

Two only of the metallic chlorides, namely, 
those of gold and platinum, are decomposable 
hy heat. All the chlorides of ihe common 
metals are decomposed at a red'heat by hydrogen 
^eis, tti^iriatic a^Kl being disengaged while the 
metal is set free. Pure charcosu aoe^not ja^ecl 
their decomposildon ; but if moisture be presi^nt 
at the same time, muriatic and carbomc acid 
gases are fprmed, anil the metal remjaias. !QhJp« 
Tine manifests a feeble affinity for^xpfSitallic exides(. 
No coifibination of theki^d can occur (at. a red 
h^t, and no Jchlorid^ of.a metallic oi^ide can he 
heated to redness .without deoomf^i^ea, iSiieib 
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compound can only be formed at low tempera- 
tures ; and thej are possessed of little perma- 
nency* Animal or vegetable matters are fatal to 
it, by giving chlorine an opportunity to exert 
its bleaching power ; and indeed the colour is 
removed by the chloride potassa as readily as by 
a solution of chlorine in pure water* 

Iodine has a strong attraction for metak; 
and most of the compounds it forms vrith them 
sustain a red heat in close vessels without decom^ 
position. The action of iodine on metallic 
oxides, when dissolved or suspended in water, is 
precisely analogous to that of chlorine* On 
adding iodine to a solution^ of the pure alkalies 
or alkaline earths, water is decomposed, and 
the hydriodic and iodic acids are generated. 

Sulphur, like chlorine and iodine, has a strong 
tendency to unite with metals: and the car* 
bonatedmay be effected in various ways: 

L By heating the metal directly with sulphur. 

2. By uniting a mixture of a metallic oxide 
and sulphur. 

Obt, — ^Tbe BulphuieU of the oommon metals may be made 
by tins process. 

3. By depiving the sulphate of an oxide of 
its oxygen by means of heat and combustible 
matter ; for this purpose hydrogen gas may be 
employed. 

4* By sulphuretted hydrogen, or an alkaline 
hydrosulphuret. 

03«.— ^Almost all the salts of the coomion metals are decom- 
posed whea a cuneat of sulphuretted hydrogen gas is oon- 
docfed into their solutions. The salts of ufaniuq!, iron, noan- 
gaaese, cobalt, and nickel, are wdUknown exceptions; but 
these also aie precipitated by the hydvosolphuret of ammonia. 



FIVt LI1IB9 09 OHBMISTBT. 145 

SuLPHURBTS.— -The sulphurets are opaque 
brittle solids, many of which, as the suIpDurets 
of lead, antimony, and iron, have a metallic 
liistre. Thej are all fusible hy heat, and com* 
monly assume a crystalline textqre in cooling. 
Most of them are fixed in the fire ; but the suV 
^urets of mercury and arsenic are remarkable 
for their volatility. All the sulphurets, except- 
iae those formed of the metallic bases of the- 
alkalies and earth, are insoluble iti water. 

Protosulphurets, — ^Most of the protosulphu- 
rets are capable of supporting an intense neat 
without decomposition ; out those which contain 
more than one atom of sulphur, lose a part of it 
when strongly heated, lliey are all, without 
exception, decomposed by the combined agency 
of heat and air or oxygen gas; and the products 
depend entirely on the degree of heat and the 
nature of the metal. The sulphuret is converted 
into the sulphate of an oxide, provided the sul- 
phate is able to support the temperature employed 
in the operation. If this be not the case, then 
the sulj^nur is evolved under the form of sulphur- 
ous acid, and a metallic oxide is left ; or if the 
oxide itself be decomposed by beat, the pure 
naetal remains. The action of heat and air in 
decomposing metallic sulphurets is the basis of 
several metsdlingic processes. 

Oh. — ^It was foraierly believed that many of the metallic 
sulphtnets were compounds of sulphur and a metallic oxide— 
this was first shewn by Proust to be an error (See Journal de 
Pkysi^ue^ vol. 63); for he demonstrated that the sulphuret of 
iron (magnetic pyrites) as well as the common cubic pyrites or 
bi-iulphuret» aret compounds of snlphur and metaUic iron with- 
out any oxygen. 

H 
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He showed th^ same also with respect to the 
sulphurets of other metals, such as those of mer- 
CU17 and copper. He was of opinion, however, 
that in some mstances sulphur does unite with 
a metallic oxide. Thus, when sulphur and the 
peroxide of tin are heated together; sulphurous 
acid is disengaged, and the residue, according 
to Proust, is a sulphuret of the protoxrde. It 
was a general belief also at that time that the 
compounds formed by heating sulphur with an 
alkali or earth are sulphurets of metallic oxides. 
Th^ experiments of Vauquelin (Vol. vi. Annaie$ 
de Chifnie)j the late Count Berthollet, M. Gay* 
Lussac, and the more recent labours of MM. 
Berthier and Berzeltus, still more satisfactory 
than any of the preceding, have, however, de* 
monstrated, that tne metallic bases of the alkalies 
and alkaline earths agree with the common 
metals in their disposition to unite with sulphur. 
It is now certain that, whether a sulphate be de* 
composed by hydrogen or charcoal, or whether 
sulpnur be ignited with an alkali or an alkaline 
earth, a metallic sulphuret is always the product. 
Direct combination oetween sulphur and a me- 
tallic oxide is a rare occurrence, and it may be 
almost doubted if it ever occurred. 

Several of the metallic sulphurets occur abuti* 
dantly in nature. Those most frequently met 
with are the sulphurets of lead, antimony, copper, 
iron, zinc, molybdenum, and silver. 

The metallic seleniurets have so close a re- 
semblance in their chemical relations to the 
sulphurets that any separate description of them 
is unnecessary. 1 hey may be prepared either 
by bringing selenium in contact with the- metals 
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at a high temperature, or: by the action of hy- 
droselenic acid or metallic solutions. 

Cyanogen has also an aflSnitj for metallic sub- 
stances. Few, l^owever, of the cyanurets have 
hitherto been obtained in a separate state, ex* 
cepting those of potassium, mercury, silver, 
lead, and palladium. The three latter are 
readily decomposed by a red heat, — cyanogen 
likewise unites with the metallic oxide9. 

Ex — ^When hydrocyanic acid vapour is passed over pure 
baryta contained in a porcelain tube, and heated till it begins 
. to be luminous, hydrogen gas is evolved, and cyanuret of 
baryta, according to Gay-Lussac, is generaited. * 

*«* These compounds exist only in the dry state. A ehange 
is produced in them by the action of water. 

Obs, — The non-metallic ingredient of each of the compounds 
of chlorine, iodine, sulphur, selenium, and cyanogen with 
metals, is the radical of a hy^racid, that is, it has the property 
of forming with hydrogen an acid, which, like other acids, 
is unable to unite with metals, but which readily combines with 
metallic oxides. Owing to this circumstance, some difficulty 
arises in explaining what takes place when such substances are 
dissolved in water — a subject on which there are several very 
learned and rational opinions. Dr. Turner (See Elem, of 
Chtm. p. 340), whose ideas we adopt, conceives that it may 

■ be shown in the following manner : " I have stated (p. 259) 
that when potassa acts upon iodine, the iodic and hydriodic 
adds are generated by the decomposition of water, and the 
solution therefore contains the iodate and hydriodate of that 
alkali. According to Berzelius, on the coxvtrary, the liquid 
contains the iodlte of potassa, and the iodide of potassium 

, unites dkectly with the iodine. On this supposition, water is 
not decomposed at all; whereas'4t is demonstrable that it does 
undergo decomposition. The process for forming the hydro- 

* Gay-Lussac also succeeded in forming cyanurets of potassa and 
soda by a similar process. 

H 2 
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£«ibUi«t of iodine^ employfd by M« .$aniUM» Mbtdt doqiife 
proof that water i» it^oookpctfd dunng tbe imitinl actioii of 
iodioe ftnd potam,*" (p. S8d.) 

Metallic Phosphurets*— There are several 
metallic phospbur ets with which chemists are 
acquainted; and it is not improbable that, like 
sulphur, phosphorus is capable of uniting^ with 
all the metals. Little attention has, however, 
been paid to their compounds; and for the 
greater part of the knowledge concerning them 
we are mdebted to the researches of Pelletier 
(An. de Chinu vol. i. and xiii.) 

The most direct method of preparing the 
metallic phosphurets is by bringing phosphorus 
in contact with metals at a high temperature; 
or, what amounts to the same tmng, bj igniting 
metals in contact with phosphoric acid and 
charcoal. Many of the phosphurets may be 
formed by passing a current of phosphuretted 
hydrogen gas over metallic oxides neated to red- 
ness in a porcelain tube. Water is generated, 
and a phosphuret of the metal remains. 

Phosphorus also unites with some of the me- 
tallic oxides. The phosphurets of lime and 
baryta, for instance, may be made by conduct- 
ing the vapour of phosphorus over those earths 
at a red heat. 

The only metallic carburets of importance are 
those of iron. 

Hydrogen unites with few metals. The oidy 
metallic nydrogurets known are those of ainc, 
potassium, arsenic, and tellurium. . 
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chapti:r xik. 

CLASStFI€>ATION OF THE. METALS. 

TiiE Aumber of IHe metsils heing considerable, 
in ordcfr to- (S<A^tat'e Ifieif study as much as pos- 
sible, We haii Ber'^'stdopted the arrangetnent of 
M. Thenard^i^lfa l!be slight modffications therein 
of Ur. HenVy in hS' *' El'emeftts of Experimental 
Chemistry:" hence they aire divfded into the two 
fdllovfrinff clu&e^:-^ 

Class I.-^Thosenli'etal^ whose olides oannotbe 
redtuced to tH^ m^ikllic' state by Ifhe sole action of 
heat. 

Cla«» lt/-^Those- itl^dls^ wfios^ bxid^ aire re- 
duoiblo b;^ teat t^nljr. 

03f .-^7he melsbof tb6 flkut classr wad fottmtf ealted lase 
in imperftd wtet^if ik cbatfadlstinetioir to gol^ lilVor; aaud 
moKityt i^hick were tdi^ed ttie noble or perfect metalu 

As the metafs contained in the first class ar^ 
niittieroos, shid differ from one another in the 
dc^^ree* of their aflfiiity for oxygen, tliey may be 
subdivided into four orders: — 

Order i.-*— Mdtals which decompose water at 
common temperatures: Thc^se are six in number, 

1. Potass&uttr. 8. LithSthnf. &. Strontium. 

?. Sodium. 4. BaritiM. 0. CaFbiiim. 

Th€f firotoiide* tit the tfe-ee first? are dis- 
tingui^d by tMif e^u^^itjr Md s<Dl^H}lity in 
water ;i rtnd by possessing' alkaline properties in 
am ettrkent degree^ The^ are cailW MUdlUi, 
•and tbrtr ml^taHio bttses art freqnfenlffy <ertaed 

H 3 
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the alkaline metah. The protoxides of the other 
three are commonly called alkaline eartks; 
because thej approach, both in appearance 
and their sparing solubilitj in water, to the 
nature of the earths, though thej possess the 
acid taste and alkaline re-action of the pure 
alkalies. The metals of this order are sometimes 
called metalhidsj an incorrect expression, and 
now greatly abandoned. A body either does or 
does not possess the essential properties of a 
metal. If it does possess them, it is to all intents 
and purposes a real metal. 

Order 2. — Of this order are those metals which 
are supposed to be analogous to the preceding ; 
but the exact nature of them has not been deter- 
mined. They are six in number, yiz. : — 

1. Magnesium. 3. Yttrium. 5. Zirconium. 

2. Glucinum. 4. Aluminum. 6. Silicum. 

Their, oxides have a white colour, an earthy 
aspect, and are sparingly soluble in water. They 
are denominated eartks^ and their metallic bases 
are sometimes called earthy metals* 

Order 3.^-Consists of metals which decompose 
water at a red hqat. They are five in nuniber, 
viz. : — 

1. Manganese. 3. Cadmium. 6. Strontium. 

2. Zinc. 4. Tin. 

Order 4. — Consists of metals w^bich do not de- 
compose metals at any temperfiture. Of these 
there are fifteen, viz. :— 

1. Arsenic. 6. Uranium. II. Titanium. 

2. Molybdenum. 7. Columbiom. 12. Bismuth. . 

3. Chromium. 8. Nickel. 13. Copper. 

4. Tunj^sten. 9. Cobalt. 14. Tellurium. 
5.. Antimony* 10. Cerium^^ 15« Lead* 
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Class II. — The second class consists only of 
eight metals, the oxides of which are decomposed 
by a red heat :. these are 

1. Mercury. 4. Platinum. 7. Osmium. 

2. Silver. 5. Palladium. 8. Iridium. 

3. Gold. 6. Rhodium. 

JSem.— 'Having coDcluded the general properties of metals, 
the history of each individual will be more beneficially con- 
sulted in more extensive worki: before» liowever, we leave 
the subj^t entirely, we shall devote a short space tQ the con^ 
sideration of alloys. 



CHAPTER XX. 

METALLIC COMBINATIONS. 

The compounds are called a/Zoj/s/ and to 
those alloys in i^hich mercury is a constituent, 
the term amalaam is applied. It is probable 
that each metal is capable of combining in op^ 
or more proportions with every other metalj 
and on this supposition the number of alloyjs 
would be exceedmgl V numerous. As this branch 
of chemistry has hitherto been, cuhivated with 
less zeal than most other departments of the 
science, is still limited, and our knowledge con- 
cerning it imperfect, we shall only allude to those 
alloys to which some particular interest is at- 
tached. 

Metals do not combine^ w^th pne another in 
their solid state; a circumstance which may be 
attributed to the influence of chemical affipity 
being counteracted by the force of cohesion. It 
is necessary, at least, to liquefy one M then). 
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lookia^'^laMeB ; and an amalgMi made of One 
part of leAd» one of tin, two of Di^muth, and four 
parts of mercury^ is used for siivering the inside 
of hollow glass globes. Iliis amalgam is solid 
at common temperi^ures ; but is fused bj a slight 
degree of heaC The* amalgam of zinc and tin, 
used for promoting the action of the electrical 
machine, is made dj fusing one part of zinc with 
one of tiu, and then agitating the liquid mass 
.with two pacts of mercury placed in a wooden 
box. 



03i.<.— Mercury thowt very liute dispoation to unite widi 
itoOf and, on this aeoounl, it it usually preserved in iron bottki. 

The amftlgam of silver is a mineral produc- 
tion. Gold unites with remarkable facility with 
mercury, forming a white*coloured compound. 
An amalgam composed of one part of gold to 
equal of mercury, is employed in gilding brass. 
The brass, after oeing rubbed with the nitrate of 
mercury, in order to give it a thin film of quick- 
sil^er, is covered with the amalgam of gold, and 
then exposed to heat for the purpose of expelling 
the mercury. 

Alloys of Ar$enic.^-^Arsen\c has a tendency 
to render the metals, with which it is alloyed, 
both brittle and fusible. It has the property of 
destroying the colour of gold and copper. An 
alloy of copper, with a tenth-part of arsenic, is so 
very similar in appearance to silver, that it has 
been substituted tor it. The presence of arsenic in 
iron has a very pernicious effect ; for even though 
in a small proportion, it renders the iron brittle, 
especially when heated. The alloy of tin and 
arsenic is employed for forming arseniuretted 
hydrogen gas, by the action ot muriatic acid. 
The tin of commerce sometimes contains a 
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minutiB quantity of 'this alloy* Ah alloy of 
platinum, with ten-parts of arsenic, is fusible at 
a heat a little abore redi^ess, and inay, ^there- 
fore, be cast in moulds. On e Jkposimg . the alloy 
to a temperature jgradually increasing in open 
vessels,; the arseuic.is pxiaused and expelled, 
and the platinum recovers its purity and in- 
fusibility,; , 

Alloys of Tin^ Leadf Antimony ^ qnd Bismuth. — 
Tin and lead readily unite when fused together. 
Equal parts of these metals constitute an alloy, 
which is more fUsible than either separately, and 
is the common solder of the glaziers. . 

With small quantities of antimonies, tin, cop- 
per, and bismuth form the best kinds of pew- 
ter. Inferior sorts contain a large proportion 
of lead. ! . ' 

An alloy of 'three parts of lead to one of an- 
timony constitutes the substance of which prin- 
ters' types are composed. 

Alloys of Copper. — Copper with tin forms 
-several valuable alloys, which are characterized 
by tfieir sonorousness. Bronze is an alloy of 
copper with about a ten per cent, of tin, with 
small quantities of other metals which are not 
essential to the compound. Cannons are cast 
with a similar kind of alloy. The best bell- 
metal is composed of eighty parts of zinc and 
twenty of tin : the Indian gong, celebrated for 
the richness of its tones, contains copper and 
tin in this proportion. 

Copper and zinc unite in several propor- 
tions, torming alloys of great importance in the 
arts. The best brass consists of four parts of 
copper to one of zinc ; and when the latter pre-* 
ponderates, compounds are generated csuled 
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Lombae^ Dutch gold, and pinckbeek« The wt 
of tinning copper consiste in cotering dnt metal 
with a thin lajer of tin, in order to protect its 
surface from rusting. 

Allaj/M of SieeL — Messrs. Stodart and' Fa- 
raday ascertained that silver combines with steel, 
formmg an alloy which, although it contains 
only l^OOth of its weight of silver, is superior 
to the Indian steel called WootZf or the b^ 
east steel in hardness. 

Alloys qf 5!/ver.— ^Silver is capable of unit- 
ing with other metals, and suffers greatly in 
malleability and ductili^ by their presence. It 
may contam a great quantity of copper with^ 
out losing its white colour. The standard silver 
for coinage contains about 1-I3tb of copper, 
which increases its hardness, thus rendering it 
fitter for coins and other purposes. 

Alloys of Gold. — The presence of other me- 
tals in gold has a remarkable effect in impairing 
its tnalleability and ductility. Hie metals which 

Eossess this property in the greatest degree, are 
ismuth, lead, antimony and arsenic, C&ld coins 
contain about l-12th of c(^per. 
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CHAPTER XXL 

ATTRACTION) REPULSION, AND CHEMICAL 

AFFINITY. 

• 

** For this the moon thro' heaven'i blue concave glides 
And into motion charms the expanding tides ; 
While earth impetuous round her axle rolls. 
Exalts her wat'ry sone» and siiiJa the poles." 

Falconer, 

Q. What is attraction f 

A* It is that unknown force which causes 
bodies to approach each other. 

Q. What are the most obvious instances of 
attraction i 

A. The gfravitation of bodies to the earth ; 
that of the planets towards each other; and the 
attraction of electricity and ma^etism. 

Q. What other instances of attraction are 
we acquainted with, 

A* Attraction likewise subsists l>etween the 
particles of bodies; and it is this kind of at- 
traction which comes under the more imme- 
diate notice of the chemist. 

Q. How is this kind of attraction defined 
in chemical language f 

A. Whenever the force of attraction operates 
between particles of the same species, it is 
called the attraction of cohesion^* or the attrac- 
tion of aggregation; but between the particles 
of different substances, it is then called the at- 
traction of composition, or chemical affinity. 

* It is from the attraction otcohegUn that a drop of water is always 

Sherical, and that small particles of quicksilver are constantly of a- 
obular figure. 
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Exp.'^lt commoa floor of mli^ur and potaas be mixed 
and thrown into water, the mlpbur will separate and the potahs 
be dinolvedj but if they be previowly melted togetbery tbe 
union will then be lo perfect* that the compound will be com- 
pletely soluble. The object of this experiment is to show that 
chemical affinity has no sensible action on tbe mere elementary 
particles of bodies. 

2. A piece of loaf sugar broken into fine powder, or water 
in tbe state of vapour, is said to have attraction of aggregation 
broken ; but tbe smallest atom of the powder is still sugar ; 
and the most trifling portion of the vapour is still water. In 
order to exemplify tbe latter kind of attraction (chemical 
affinity), a little caustic soda may be put into a glasBy and 
muriatic acid added to it Both these are oorronve substances ; 
but tbe compound resulting from them will be found to be 
our common table 8alt,~-a muriate of aoda. . Here we have an 
instance of two heterogeneous bodies producing, by their 
action on each other, a distinct substance, possessing the 
properti^ of neither of the bodies which compose it. 

If several salts be dissolved in the same water, 
each particle, when they crystalline, will find its 
own kind, by a sort of innate polarity. 

£jr.— Dissolve separately equal weights of sulphate of cop- 
per and crystals of carbonate of soda in sufficient quantities 
of boiling water: pour them together while hot into a flat pan, 
and when the water has evaporated a little, and the whole is 
suffered to cool, tbe salts will shoot ; the sulphate of copper 
in blue, the soda in white crystals, similar in condition to 
what they were before they were dissolved. 

06s, — Those substances which are capable of uniting are 
said to have a chemical affinity for each other; those which 
do not form a chemical union, are said to have no affinity. 

Chemical attraction can only exist between 
the particles of opposite and distinct substances, 
and this species of attraction is exerted with 
different force, according to the nature of such 
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siAstances, and frequently in praportton to the 
mass* Most bodies combine only in certain pro^ 
portions: e. g/ oxygen and Hydrogen comniaie 
also in one proportion, and ammdnia is the re* 
suit. New combinations acquire hew properties : 
e. g* If nitrate of ammonia and sulphate of soda, 
botb in crystals, be rubbed tog^ether in a stone 
mortar in equal proportions, the mixture will be 
converted into a fluid. 

Q. How are the different kinds of chemical 
attraction distinguished? 

•^. The different kinds of chemical attraction 
are- distinguished into ' ^ 

1. Simple attraction. 

2. Compound attraction. 

3. Disposing attraction* 

Simple attraction is wheti two substances unite 
merely in consequence of their mutual attrac- 
tion; they are then said to combine by virtue 
of simple attraction or affinity : e. g. Take a por^ 
tion of the acetate of soda, pour muriatic acid 
upon it in a retort, and aistil it to dryness. 
Iiie acetic acid will be expelled, and the mu- 
riatic acid will be found in combination with the 
soda, united so strongly that the most intense 
heat will not be able to separate it. This is 
owing to the soda having a greater affinity for 
muriatic acid than It haa for the acetic. 

Again: It K portion of nitric acid be. now 
added to the muriate of soda, and heat applied, 
the muriatic acid will be again disengaged, 
and the nitric acid will be in possession of the 
soda. 

Lastly : If to the nitrate of soda sulphuric acid 
be added, and these exposed to a aue degree 
of heat, the nitric acid will be expelled, and 
the sulphuric acid will be in possessioa of the 
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aHtali) fomnng a true nilphste of soda. These 
^an^^es all take place in consecj^wetice of che* 
nicaT attraction. By this attraction acetic acid 
combines #ith soda, and forms a salt called 
acetate of soda; but muriatic, nitric, andsul* 
phuric acid have each of them a stronger affinity 
for soda, and their respective affinities are in 
the order in which they haire been named. 

Compound affinity is the action of two conu- 
pound substances whereby they mutually de- 
compose each other, and produce two or more 
compounds. 

£jr.— If into a solution of mlpbate of ammonia there be 
poured nitric acid, no deoompoittion ii pioduoed, becauK the 
tulphuric acid has a ttfonger affinity than nitric acid for am- 
moniac But if a lohition of nitnle of potaM be poured in, 
we obtain by etapomtion two new bodies viz., iuiphaie of 
potass and nitrate of ammonia. In this cam, the sulphuric 
of the sulphate of ammonia attracts the potaas of the nitnlle 
of potass, at the same time that the ammonia attracts the nitric 
acid ; and to the agency of these united affinities the double 
decomposition must be attributed. 

Disposing dffinity takes place when bodies, 
which apparently have do tendency to unite 
tl^mselves, combine in consequence of the ad* 
dition of another substance: the tmion is then 
said to be produced by means of dispo'smg 
affinity. 

Q. What other terms are employed on the 
subject of chemical affinities f 

•^. There are two other terms, called quieseeni 
a(ttractions and divelknt attractions. 
^ Q. What do you mean by quiescent attrac* 
tions ? 

•4. By quiescent attractions is understood 
that, when two or more bodies .are presented 
to each other, the attractions, which tend to 
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preserve their original arrangement of parts 
are denominated the quiescent affinities. 

' £x.-^If a few drops of the nitrate of silver be poured into 
a tolution of the muriate of soda, two new substances will be 
formedy namely, nitrate of soda, and muriate of silver; the 
latter of which being insoluble in water, will be precipitated. 
In this experiment the affinity of the nitric acid for the silver, 
and the muriatic acid for the soda, toe the quiescent affinities ; 
whereas tiie affinity of the nitric acid to the soda, and the 
muriatic acdd to the silvtir> are the ditelient affinities. Hence, 
no new anangement of peats in any ndzture can take place, 
unless divellent atimction exist 

Q. What hmeiifnthy divellent aflinitiesf 

•^. Divellent a^nities are those attractions 

which tend to destroy the original compound, 

and to form new arrangements. 

Ods. — ^Fromall that has hitherto been explained, the study 
of chemfcal attractions seems to be beyond doubt the most 
hnportant part of chemistry ; for it is only through a know- 
ledge of the attractions which difierent substances have for 
each other, that a complete analysis of the productions of na- 
ture is to be attained. With this object In view, the student 
should study as well as practise the various tables of affinities 
of Bergman, Pearson, and others. The order in which these 
decomposition^ take place, many of which that occur in che- 
mistry are instances of elective affinity, has been expressed by 
Geoffrey in the following table : 

Sulphuric* 

Baryta. 

Strontia. 

Potash.- 

Soda. 

lame^ 

Ammonia. 
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This table is intended to show, first, that sul- 
phuric acid has an affinity for the substances 
1>laced below the horizontal line^ and can there- 
ore unite separately with each of them ; and, 
secondly, that the base of the salts so formed 
will be separated from the acid by adding any 
of the alkalies or earths which stand above it in 
the columns* For instance, ammonia will sepa* 
rate magnesia, lime ammonia, and potash lime ; 
but none of them can withdraw baryta from the 
sulphuric acid, nor can ammonia or magnesia 
decompose the sulphate of lime, though strontia 
or baryta will do it. Bergman conceived that 
these aecompositions were solely determined by 
chemical attraction, and that consequently im 
order of decomposition represented the compa*> 
rative forces of affinity ; and this view, from the 
simple and natural explanation it afforded of 
the phenomenon, was for a time generally 
adopted. But Bergman was in error. It does 
not necessarily follow, because lime can sepa- 
rate ammonia from sulpuric acid, that the lime 
has a greater attraction for the acid than the 
volatile alkali. Other causes are in operation 
which modify the action of affinity to such a 
degree, that it is impossible to discover how much 
of the effect is owing to that power. It is con- 
ceivable that the ammonia may in reality have a 
stronger attraction for sulphuric acid than lime, 
and yet the lime, from the great influence of dis- 
turbing causes, might succeed in decomposing the 
sulphate of ammonia. To BerthoUet is due the 
honour of pointing out the fallacy of Bergman's 
opinion. He was the first to show, that the re- 
lative force of chemical attraction cannot always 
be determined by observing the order in which 
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substances sepi^rate each other whea in combi- 
nation, and that the tables of Geoffrey are merely 
tables of decompositibny and not of affinity. 

Affinity is the cause of still more x;ompiicated 
changes than any of those already considered. 
In ^a case of single elective affinity, three sub- 
stances only are present, and two affinities are 
in play. But it frequently happens that tw6 
compounds are mixed together, and four differ-^ 
ent affinities brought into action^ The changes 
that may or do occur under these cirumstances^ 
are most conveniently studied by aid of a dia- 
gram, — a method first employed by .Dr. Black, 
and since generally practised. For example, in 
mixing together a solution of the carbonate of 
ammonia and muriate of lime, • tbe^r mutual 
action may be represented . in the following 
manner: — 

Carbonic acid Ammonia 




Muriatic acid Lime 



■\- 



' ExPLANATiON.-^Each of the acids has an at? 
traction for both of the bases, and hence it is 
possible either that the two salts should continue 
as they are, or that an interchange of principles 
should ensue, giving rise to two new compounds. 
According to uie views of Bergman; the result is 
dependant solely on the comparative strength of 
amiities. If the affinity of the carboilic acid for 
the ammonia, and of the muriatic acid lor : th^ 
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lime,be added to that of the- muriatic acid for ain- 
monia, thea will the two salts eiperjence no 
change whaterer ; but if the latter affinities pre- 
ponderate, then, as does actually happen im the 
5 resent instance, both the original salts will be 
ecomposed, and two new ones generated. Two 
decompositions and two combinations take place, 
being an instance of what is called double eleo- 
tiye affinity^ Mr. Kirwan applied the terras 
quiescent and divellent to denote the tendency 
of the opposing affinities, the action of the 
former being to prevent a change, the latter to 
produce it. 

The doctrine of double elective affinitv was at- 
tacked on the same ground bj Berthollet^ -and 
wi A the same success as in the case of single 
elective attraction. He succeeded m proving tnat 
tiie effect cannot always be ascribed to the sole 
influence of affinity. For, taking the example 
already adduced, if the carbonate of ammonia 
decompose the muriate of lime by the mere 
force of a superior attraction, it is manifest that 
the carbonate of lime ought never to decompose 
the muriate of ammonia. But if these two salts 
are mixed in a dry state and exposed to heat, 
double decomposition does take place, carbo- 
nate of ammonia and muriate of lime being 
formed ; and, therefore, if the change in the first 
example was produced by chemical attractioii 
alone, that in the second must have occurred in 
direct opposition to that power. It does not, 
however, roUow, because the result is sometimes 
determined by modifying conditions, that it nfust 
always be so. We apprehend that the decom^ 
position of the solid cyanuret of mercury by siil- 
phuretted hydrogen gas, which take(d place even i(t 
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a low temperature, cannot be ascribed to any 
other cause that a preponderance of the divel* 
lent over the quiescent affinities. 



CHAPTER XXII. 

CHANGES THAT ACCOMPANY CHEMICAL 

AFFINITY. 

Xhe loss of properties experienced by the 
combining substances, and the acquisition of 
new ones by the product of their combination, 
are the leading' circumstances which characterize 
chemical action. The change of property is 
sometimes inconsiderable. In a solution of 
sugar or salt in water, and in mixtures of water 
with alcohol or sulphuric acid, the compound 
retains so much of the character of its consti- 
tuents that there is no difficulty in recognizing 
their presence. But more generally the pro- 
perties of one or both disappear. No one could 
guess, a priori^ that water is a coinpound body, 
much less that it is composed of two gases, 
oxygen and hydrogen, neither of which when 
uncombined has ever been coippressed into a 
liquid. Hydrogen is one of the most inflam^- 
mable substances in nature, and yet water can* 
not be set on fire : oxygen, on the contrary 
enables bodies to burn with great brilliancy, apd 
jei water extinguishes combustion. The alkalies 
and earths were regarded as simple till Sir H. 
Davy proved them to be compounds, and cer- 
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tainly they evince no si^ whatever of con- 
taining ozjg'cn gas and a metal. 

Numerous examples of a similar kind are 
afforded bj the action of acids and alkalies on 
each other. For instance, sulphuric acid and 
potash are highly caustic. The former is in- 
tensely sour, reddens the blue cofour of veg'e* 
tables, and has a strong affinity for alkaline 
subsfances ; the latter has a pungent taste, con- 
verts the blue colour of vegetables to green, 
and combines readily with acids. On adding 
these principles cautiously to one another, a 
compound results, called a neutral salt, which 
does not in any way affect the colouring matter 
of plants, and in which the other distinguishing 
features of an acid and an alkali can no longer 
be perceived. They appear to have destroyed 
the properties of each other, and hence they are 
said to neutralize one another. 

The other phenomena that accompany che- 
mical action are changes of density, temperature, 
form and colour. 

Of the conditions which modify, or are capa- 
ble of promoting or counteractmg the tendency 
of' chemical attraction, the following are the 
most important: — cohesion, elasticity, quantity 
of matter, and gravity. To these may be added 
the agency of the imponderables. 

Of all chemical su bstances, our knowledge of 
the relative degrees of attraction of the acids 
and alkalies for each other is the most uncertain. 
Their action on one another is affected by so 
many circumstances, that it is in most cases im- 
possible, with certainty, to refer any effect to its 
real cause. The only remedies that nave hitherto 
been devised for remedying this defect, are those 
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of BerthoUet and Kir wan. - Both of them are 
founded on the capacities of saturation, and the 
objections that have been urged to the rule sugm 
gested by the first philosopher, applies equally 
to that proposed by the second. But this un- 
certainty is of no great consequence in prac-* 
tice* 



CHAPTER XXIII. 



OXYGEN. 



Oxygen ff as may be obtained from several 
sources. The peroxides of lead, manganese, 
and mercury, and the chlorate of potash, all 
yield it in large quantity when they are exposed 
to a red heat. The substances commonly em- 
ployed for the purpose are the peroxide of 
manganese and tne chlorate of potash. It may 
be procured from the former in two ways, either 
by neating it to redness in a gun-barrel, or in a 
retort of iron or earthenware; or by putting it 
into a flask with half its weight of concentrated 
sulphuric acid, and heating the mixture by 
means of a lamp. 

• Properties of' Oxygen Gas. — Oxygen ffas is 
colourless, has neither taste nor smell, is not 
chemically affected by the imponderables, re- 
fracts light very feebly, and is a non-conductor 
of electricity. It is the most perfect negative 
electric that we possess, always appearing at the 
positive pole when any compound which con- 
tains it IS exposed to the action of galvanism. 
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It emits li^ht, as well as heaU when suddenly 
and forcibly' compressed. It is heavier than at- 
mos{)heric air. Chemists have differed as to its 
precise weig'ht ; but the late experiments of Dr. 
Thompson leave little doubt of the accuracy 
of Dr. Proust's estimate,* i^ich is that lOP cubic 
inches of oxrgen, when the thermometer is at 
6(f F. and the barometer stands at 90 inches, 
weigh 83.888 grains; and its specific gravity 
mu^be 1.1111. 

Oxygen gas is^ very ^aringly absorbed by 
water, 100 cubic inches of that iiouid dissolving 
only three or four of the gas. It has neither 
acia nor alkaline properties; for it does not 
redden or turn green the blue vegetable co- 
lours, nor does it show any disposition to unite 
either with acids or alkalies. 

The act of combinin|^ with oxygen is called 
oxidation^ and the bocGea, after having united 
with it, are said to be oxidized. The compounds 
thus formed are divided by chemists into acids 
and oxides. The first division includes .those 
comppunds which possess the general properties 
of acids ; and the second comprehends those 
in which that character is wanting. 

^ Phenomena of OxiDAxiON.-^These are va- 
riable. Oxidation is sometimes produced with 
great rapidity, and with an evolution of heat 
and light : for instance, ordinary combustion is 
nothing more than rapid oxidation ; and all in- 
flammaole or combustible matters derive their 
power of burning in the open air from their 
affinity for oxygen. On other occasions it takes 

« See Vol. vi. (old leries) of the Jnnah i^PkiioiOfhy. 
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plate slowly, and withdut any abpearstoce either' 
€>f beat or light, as exemplined by the rust- 
ing' of iron when exposed to a moist atmos- 
phere. Different as these processes appear, 
oxidation is the result of both; and both are 
owing to the same circumstance, namely, to the 
presence of oxygen in the atmosphere* All 
substances that i^re capable of burning in the 
open air, burn with far gre^iter brilliancy in 
oxygen. A piece of wood on which the least 
spark of li^ht is visible, bursts into flame the 
moment it is put into a jar of oxygen ; lighted 
charcoal emits beautiful scintillations; andphos* 
phorus burns with so powerful and dazzling a 
light that the eye cannot bear its impression* 
Even iron and steel, which are not commonly 
ranked among the inflammables, undergo a 
rapid combu^ion in oxygen gas. 

The changes by which these phenomena are 
accompanied are no less remarkable, l^hen 
a lighted taper, for instance, is put into a ves- 
sel of oxygen gas, it burns for a while with in- 
er^ased splendour $ but the size of the flame 
soon begins to diminish, and if the moiith of 
the jar be properly secured by a cork, the lights 
in a short time, will entirely disappear. The 
gas has now lost its characteristic property; for 
a second lighted taper immersea in it is in- 
stantly extinguished. This result iis general. 
The burning of one body in a given portion 
of oxygen unfits it for supporting the combus- 
tion of another ; and the cause is manifest. The 
combustion is produced by the combination of 
nflammable matter with oxygen. The quan- 
tity of free oxygen, therefore, diminishes during 
the process, and is at length exliausted. The 

I 



»» 
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bomkigf of all bodies, howeita miannaiMe, 
miauft iben cease, because the presence of oxfgeB 
is neoessarj to its coatiBiNaice. For this Tea- 
aoa oftygen gas is ciMed a supporter of -iconi- 
bttstion. 

OxyeHk gas also often loses ils gaseous form 
as well as its properties. 

£jr.— If pbospborm or iron be burned in a jar of pure 
oxygen over water or mercury, the disappearuice of the gas 
becomes obvious by the ascent of the liquid, which is forced 
up by the pressure of the atmosphere, and fills the vessel. On 
the contrary, tiie oxygen sometimes sufiers only a partial 
dimitiution of volume, oV even undergoes no change of 
bulk at all, as exemplified by the combustion of the dia- 
mond. 

Tlie chides experienced by the bpriMi^ 
body $ire equally remarkable. While the ozy* 

Sm loses its power of supporting combustion, 
e inflammable substance lays aside its com** 
bustibiUty. It is now an oxidized body, and. 
cannot be made to bum even by^ the aid of the 
purest oxygen. It has also acquired additional 
weight* It is an error to suppose that bodies 
lose any thing while they bum. The materiak 
of our fire and candles do indeed disappear, but 
tiiey are not destroyed. Although tney fly off 
in the gaseous form, and are commonly lost to 
us, it is not difficult to collect and preserve all 
the pendants of combustion. When this is done 
with the requisite care, it is constantly fpund 
that the combustible matter weighs more after 
than before combustion ; and that the increase 
in weight is exactly equal to the quantity of 
oxygen which has disappeared during the pro- 
cess. 
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• Qi^fen is laboolotelj iiecessary to respiva)* 
tiaxtm No aoimal isaii live in an atniodpbm*e 
vfaich dioes Aot contain a oertoin portion of un*- 
condbined oxygen; for ata animal soon diestf 
put mto a portion of air from which the oxjrgvn 
naabeen prerionsly Demonred by «i imrniB]^ body. 
It may. therefore be anticipated that oxygen is 
consumed during respiration. If a bird, oe con« 
fined in a limited quantity of atmospheric air 
it will at first feel qo inconvenience ; but as 
a portion of oxygen (s withdrawn ^ eaph, in-* 
smration^. its giua^tity rapidly diminishes, §o 
that re<spiration spon becomes7aborio^St^or soqn 
ceases entirely* . If itnotber bird be then intro- 
(Uiced into the same* air, it will die in the course 
of a few seconds ; or, if a lighted candle be 
immersed in it, its flapie will De extinj^uished. 
Respiration and combustion therefore naye the 
same effect. An animal cannot live in an at* 
mospbere which is unable, to support combus- 
tion; nor can a candle burn in air which is 
unfit for respiration. 



CHAPTER XXrV. 



• I 



HYDRO GUN. 



• The nature and leading properties pf hydro- 

f;:en gas were first pointed oiit by Mr. Cavendisb. 
t'is a colourless gas, and, when perfectly pur/e, 
bias' neither smell nor taste. It is a powerful 
refracter of light: like oxygen, it cannot be 
resolved into more simple partsi and, like that 

I 2 
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gas, it has hitherto resisted all attempts to com* 
pre» it into a liquid. It is the lightest body in 
nature, and, consequently, is the best material 
fbr fillinff balloons; It is ezactlr sixteen tones 
lighter than ^^7£^^ and, therefore, 100 cubic 
inches of it at W* F. and 80 bttr., must weigh 

-jT 9 or 2.1 18gtains. Its specific grarity is con- 
sequently 0.0^4. 

Hydrogen does not change the blue colour of 
vegetables.^ It is sparingly absorbed hy water, 
100 cubic inches ot whidi dissolves about 1| of 
the gas. It cannot support respiration, for an 
animal soon perishes wnen confined in it. Death 
ensues from tne want of oxygen, rather than from 
any noxious quality of the hydrogen, since an 
atmosphere composed of a aue proportion of 
oxygen and hydrogen may be inhaled without 
any inconvenience. 

Hydrogen is inflammable in an eminent 
degree, though, like other combustibles, it 
requires the aid of a supporter for enabling its 
combustion to take place. This is exemplified 
in the experiment aoove alluded to, in which 
the gas is Kindled by the flame of the candle, but 
burns only when it is in contact with the air. Its 
combustion, when conducted in this manner, 
goes on tranquilly, ^nd is attended with a yellow- 
ish-blue flame and a very feeble light. The 
phenomena, however, difler, when the hydrogen 
IS previously mixed with a due quantity of atmos- 

Eheric air. The approach of flame not only sets 
re to the gas near it, but the whole is kindled 
at the same instant ; a flash of light passes through 
the mixture, which is followed by a violent ex- 
plosion. The best proportion for the experiment 
is two measures of hydrogen, to five or six of air. 
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p^rtieutarly when the gases are mixed together 
in the tatto of one measure of oxygen to two of 
hydrogen. 

Oxygen and hydrogen ffases do not combine 
4tt ordinary temperatures ; they may, therefope, 
he kept ma state of mixture- without even 

fradual combination taking place between them, 
he latter maybe set on fire, when ta contact with 
air or oxygen ^[as, by flame, by a solid body 
lieated to Dright redness^ and oy the electric 
spark. 

Exp, — ^If a jet t>f hycbnogen be thrown upon recentiy pie- 
pared spongy i^atinum^ this metal almost instantly becomes red 
hot, and then sets file to the gas}— <a recent discovery by pro- 
fessor Dobereiner of lena. 

06s.^~-The power 6f flame dnd electricity in 'causing a 
mixture of hydrogen with an air or oxygen gas to explode, is 
limited. Mr. Cavendish found that flame occasions a very 
' feeble explosion when the hydrogen is mixed widi nine times its 
' bulk of air ; and that a mixture of four measures of hydrogen to 
one of air, does not explode at all. An explosive mixture 
formed of two measures of hydrogen to one of oxygen, ex- 
' plodes from all the causes above enumerated. 1^. Biot found 
that sudden and violent compression likewise causes an explo- 
sion, apparently from the heat emitted during the operation > 
for an equal decree of condensation does not produce the same 
e£fect. A large quantity of caloric is evolved during the.com- 
bustion of hydn^ea gas. 

Water is the sole product of the combustion 
of hydroffen gas. For this important fact we 
are indebted to Mr. Cavendish^ who demoh- 
^rated it by burning, oxygen,, and hydrogen 
g^ases in a dry glass vessel, when a quantity of 
pure water was generated exactly eqaal in 
weight to that of the gases which had disap« 
pear ed. This ^xperimeiit, which is the synthetic 
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proof of the composition of water, wa4 afterwards 
made on a much larger scale in Paris, by Vau^ 

Juelioy Fourcroj, and Sequin* Lavoisier first 
emonstrated its nature analytically, by passing 
a known quantity of watery vapour over metaHic 
iron heated to redness. Hydrogen gas was dis- 
engaged, the metal in the tube was oxidized, and 
the weight of the former, added to the increase 
which the iron had experienced firom condbina- 
tion with oxygen, exactly corresponded to the 
quantity of water which had been decomposed^ 

There are two ways by which hydrogen gas 
may be easily procured. The nrst, already 
mentioned, consists in passing the vapour of 
water over metallic iron heated to redness. 
This is done by putting iron-wire into a gun- 
barrel open at both ends, to one of which is 
attached a retort containing pure water, and to 
the other a bent tube. The ff un-barrel is placed 
in a furnace, and when it nas acquired a full 
red heat, the water in the retort is made to boil 
briskly. The gas, which is copiously disengaged 
as soon as the steam comes in contact witn the 
glowing iron, passes along the bent tube, and 
may be collected in convenient vessels, by 
dipping the free extremity of the tube into the 
water of a pneumatic trough. The second and 
most convenient mode consists in putting pieces 
of iron or zinc into dilute sulphuric acid, formed 
of one-part of strong acid to four or five « of 
water. Zinc is generally preferred. 

Ods.'^The hydrogen obtained in these procesaes is not 
absolutely pure. The pureat iron*wire contains traces of char- 
coal» in consequence of which the gas formed by its meansy is 
apt to contain carbonic acid, and most probably carbureHfd 
hydrogen. The zinc of commerce cmitains both charcoal and 
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snlphor, ao tbat in i|dditioa ta the gwes fint mentfikiifid, the 
bydxogea derived frpm this source is contaminated with sul- 
phuretted, and, i^erhapsy with carbnretted hydrogen. A little 
metallic zinc is also ooatained in it» apparency in combination 
with hydrogen. All these impurities, carburetted hydrogen 
excepted, may be removed by passing the hydrogen through a 
splutiou of pure potash. To obtain hydrogen of great 
purity, distilled zinc should be employed. 

\* Wot the oMlhods of pr^umog the deutoxide of hydrogen, 
diMovered by M« Thenaid, in the year 1818, and the peroxide 
of the aame gas ; see. his origini^ Memoir in the AnnaleB d^ 
Chimie ei de Pk^iique^ vol. yiii. and x. \ Armals of PhilO' 
•oph^p voU xiii* and %vr,\. and M. Thenard^s T^aite 4e 



CHAPTEE XXV. 

* « 

NITROGEN. 

..The existence of nitrogen gas, as distinct from 
anj other gaseous substance, was first noticed by 
the late Dr. Rutherford, in 1772. L^voisier^ 
who called it azote, because it is unable to supr 
port the r(^piration of animals, discovered that 
it js a constituent pant of the atmosphere in 1775^ 
and the same discovery was made soon after, or 
iibout the same time, by Scheele. 

Pure nitrogen is a colourless gas, wholly 
devoid. of smell and taste. It does not qhapge 
the blue colour of vegetables, and is distin^ 
guished by other gases more by negative cha^ 
raeters than by any striking quality. It does nojt 
support combustion; but, on. the contrary, ezr 
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iin^ishes all burning bodies that are immer8e4 
in it No animal can live in it; still it exerts 
no injurious action either on the lun^ or on 
the system at larg'e ; the privation or oxfgen 
being the sole cause of death, it is not indam- 
mabfe, though, under favourable circamstaaces, 
it maj be made to unite with oxygen. Water; 
when deprived of ait by ebullition, takes up 
abont one and a-half per cent, of it. Its spcfcffic 
gravity is 0J972!if on the assumption that air con** 
eists or one measure of oxygen to four of nitrogen, 
and that 1.1111 is the meoific ^avky of orfgen 
gas ; and, therefore^ 100 euUe mcbes of it at the 
mean temperature aad pressure, will we^h 
29,662 grains. 

Nitrogen gas is eanly prepared by burning a 
piece of phos^orus in a jar full of air inverted 
over water. The strong affinity of phosf^oms 
for oxygen, enables it io bum till the whole^ of 
that gas is consumed. The product of the com- 
bustion, phosphoric acid, is at first diSased 
through the residue in the form of a white cloud; 
but as this substance is rapidly absorbed by 
water, it disappears entirely m the ooune of half 
an hour. The residual gas is nitrogen, contain* 
in^ a small quantity of carbonic acid and vapour 
ofphosphorus, botti of which may be removed by 
agitating it briskly with a solution of pure 
potash. 

Several other substances may also be employed 
for withdrawing the oxygen from atmospheric 
air. A solution of the protosulphate or iroii^ 
charged with the deutoxide of nitrogen, absorb^ 
the oxygen in a few minutes. A stick of phbsH 

Ehorus produces the same effect in twenty-four 
ours, if exposed to a temperature of 60^ F*. . A 
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solution of the sulphuret of potash op ofliiDe 
ae(5 in a similar manner; and a mixture ^f equal 
parts of iron-filings and sulphur, made into a 
paste with water, may be employed with the same 
intention. Both these processes, howenter^ are 
inconFenient from- their slowness* < ^ 

Nitrogen gas may likewise be procured by 
exposing a mi^ure of fresh muscle and nitric 
acid of specific gravity 1.20 to a moderate 
temperature. A large quantity of ^»eous 
matter is evolved with eflervescehce, which' is 
nitrofiren mimd with carbonic acid. The latter 
must oe removed by agitation with lime water; 
but the residue still retains a peculiar odour, 
indicative of the presence of some volatile. prihi- 
ciple, which cannot be wholly separated from it. 
The theory of this process is rather, complex, 
and may be more conveniently studied in more 
elaborate works. 

Compounds of Oxygen and Nitrogen. — 
There are five compounds of nitrogen and oxygen 
with which chemists are acquainted, whose com^ 
position, as deduced from the researches, of 
Gay-Lussac, Dr. Henry, and Sir H. Davy, is as 
follows: — 

• ' BY VOLUME. BY WEIGHT. 

Nitrogen. Oxygen. Nttrogem Oxygen; 

Nitrous oxide..., 100 50 14 8 

Nitric oxide 100 100 14 16 

Hyponitrousacid. 100 150 14 24 

Nitiousacid 100 200 14 32 

Nitric acid 100 250 14 40 

4 

06s, — ^The lint of these compounds, as containing the 
imallest quantity of oxygen, is presumed to consist of one 
atom of each element The atomic weight of nitrogen, tbat^of 
oxygea being eight, will therefore be fourteen. The oth^r 
foor compounds most consequently be composed of one atom 

i4 
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•fnltogeo^tnilidiD th0miAd#HktirD»lBlhetbkd wiOi 
iHM» ia tht fbvrth iiM foiiib and in IIm fiftk witk Ave atomi 
of <wyipeD« 

- PROTOXf DB OP NiTROoBir.'^The protoxidiB ^f 
nitrogen was discovered bj Priestley, wtiavamed 
it dq^htogi$iicaied iiteroai# air. Sir II« Darjr 
called it nitr&u^ oxid^; but according to the 
principles of chemi4ml nomeiidlnliire^- its proper 
appellation is pretoxide of nitrogen. 

This ^as may be formed by exposinsi the 
nitric oxide for some days to the action m iron 
filings, or other substances vrbich hare a stet>ng 
affinity for oxygen. But the most convenient 
means of procuring it is by the nieans ai the 
sitvate of ItnmioQia. When Ihis salt is exposed 
to a temperature of 400" or AOO^ F. it liquefies^ 
bubbles of gas begin to rise from it, and in a 
riiort time a brisk effervescence ensues, which 
continues till the whole of the salt disappears. 

OSs. — ^The nHrate of ammonia should be oontaiiied m a 
glass retort^ and the heat applied by means of a lamp placed 
at such a distance below it as to maintain a modeiatcJy nqpid 
evolution of gas. 

The protoxide of nitrogen is a colourless gas ; 
it does not affect the blue vegetable colours, 
even when mixed with atmospheric air ; it is a 
supporter of combustion, most substances bum* 
ing in it with much greater energy than in the 
atmosphere. When a recently extinguished 
candle with a very red wick is mtroduced into 
it, the flame is instantly restored. • Phosphorus, 
if previously kindled, bums in it with great 
brilliancy. With an equal bulk of hydrogen it 
forms a ndixture which explodes, violently by the 
electric spark or by flame. The protoxide is de- 
eompos^a ; the combustible matter unites with 
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its oxjgeBikf and ibe nkro^en is set free. The 
protoxide of nitroeeD suffers decompositioa 
when a s^ceession of electric sparks are passed 
through it. A similar effect is caused bj con- 
dactingil through a porcelain tube heated to 
ineancbaeenoe. In both instances it is resolved 
into nitrogen, oxygen, and nitrous acid« Sir H« 
Da^y (UscoiseDed that the protoxide of nitroeen 
maj be taken into the lungs withsafetj^, and mat 
it supports respiration for a few minutes. Its 
action on the ^fstem, when inspired, is very re* 
markaUe. A few deep inhalations of it are fol- 
lowed by most agreeable feelings of excitement^ 
similar to the early stages of intoxication ; which 
is evinced by a strong propensity to laughter, by 
a rapid flow of vivid iaeas» and an unusual dis- 
position to muscular exertion. These feelings, 
nowever, soon subside, and the individual re- 
turns to his usual state withwt expl^ijiencing the 
languor or depression :wbieh is. so universally the 
oonsequenise of intOixication from spirituous 
liquors. 

P,BUTOx;iDfi OF NiTaooEN.— This gas is best 
QbMiaed by the action ^f nitric acid, of specific 
gra»vity 1.2. on metallic copper. ♦ The ffas de- 
rived from this 90ui:ce ws^ discovered by Dr. 
Priestley, who i^^Ued it nitrous air* The terms 
nitrous gas and n^ric oonde are frequently ap->. 
plied to it; the deutoxide o/nUrogeuy as indica- 
tive of its nature, is the mo$t suitable name. It 
IB' a colourless- gas, does not redden the blue ve- 
getable colours; very few inflammable substances 

« Many other metals are oxidised by nitric acid, with the diseo- 
gBgement of a rimilar eompoun^ ; but none, -mereary excepted, 
yieWaaopureagaaascDHper. 
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can bun in it ; it is quite iDseparable, exciting 
a BiTong spasm of die glottis, as soon as an at» 
tempt IS made to inhale it. The experiment, 
howei^er, is a dangerous one; for if the ^as 
reached the lungs, it would there mix with 
atmospheric air, and be conrerted into nitrous 
acid vapours, which are highly irritating and 
corrosive. (See Ekmenit of Cfhemiaai PkUoBOm 
phy^ by Sir H. Davy.) 



CHAPTER XXVI. 

CARBON. 

Q. What is the origin of carbon f 
Jl. Pure carbon is known only in the diamond ; 
but it may be procured in the state of charcoal 
by burning a piece of wood closely covered with 
sand, in a crucible, &c. 

06s. — Cbarcoal may be procured from other aoorces. When 
the volatile matten are driveo off from coal, as iu the process 
for making coal gas, a peculiar kind of ohanooal, called coke, 
remains in flie retort. Moat animal and v<^tabie subatancai 
yield it when ignited in close vesads : e. g*, a very puie-chaiooal 
may be procured from starch or sugar } fmd in»n the oil of 
turpentine or spirit of wine, by passing their .vapour throvgh 
tubes heated to redness. When bones are made red hot in a 
covered crucible, a black mass remainsy which consists. of 
charcoal mixed with the earthy matters of the bone. This is 
called ivory black or animal charcoal. 

Properties. — Charcoal is hard, brittle, and 
sonorous; very light and destitute of taste and. 
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smelL It i&jBk poma^Hl axiti8Cptic;>b$M^i9k.gveat 
aiBSnitv foroxcfg^eiit; is-aoakeiraQle umiiindi^atniiQnr 
tible by a^e; and, if air; and mok^a « bi»- QSt 
eluded, it is not affected bythedabst ioitejaae heat 

Q. Is (chamoal a simple oj a compouod sub- 
stance f -.1.: . . 

A. Common xsharcoal is «• eompound sub^ 
stance — it is .an oxide of oarhoOy or the .WMdj 
fibre partially oxidized ; it .aka contaios by.dcQr 
gien, and a portion of fixed alkaline salt and 
earth, but these are rather adventitious than 
essential ingredients. 

Obt. — ^Messrs. Allen and Pepys lately determined by expe- 
riment that charcoal properly prepared contains no sensible 
qoantity of hydrogen, but that it absorbs inoisture if only ex. 
posed to the air for a few hours, which. renders the result of 
analysis uncertain. 

Q. What .are the uses to which charcoal is 
applied? ■ •- f 

' A. Charcoal is a most important ingredient in 
the preparation of gunpowder ; it is" stliid Mi- 
ployed in purifying rancid oils^ for decomposing 
the sulphuric acid, and for many other purposes 
by the chemist and the manufacturer* * It is 
used by mathematical instrument makers and 
engravers, to polish brass and copper plates* 
Plates of horn and lantern leaves are polished 
with it; it is also much used by artists in tracing 
the outlines of drawing. 

Q. What is carbon? 

A. The base of common charcoal, divested of 
all impurities, is known by the name of carbon 



« Casks charred iki th^ inside are now used to preserve water in 
sea voyages ; and such casks are found to preserve the water un< 
corrupted. See ForsyWs Praetieai TrteOisi ofi Diet and Rigimen, 
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Id cheousts. . Its most striking property is ks 
emMliiy of crystallizatioa, in whica state it is 
ealled dutmomA 

Q^ What otfier properties has carboal 

A. It has the propertjr of deoxidizing the 
oxides of metakand other combustible substaaces, 
and with this view it is often used in the arts. 
These purposes are eflfected bj means of £re, the 
earbon miittnff to the oj^gen to form cari^nic 
oxide» or oarbonic acid; and the onetal dn^ 
4eprii^ of oxjgen, is left in its^pura state. 

Q. Into what other combinations does carbon 
entert 

jd« It is Sound in lars^e proportioDS in bitument 
petroleum, andpitooal ;* it seems to be. akeady 
fbmaed also in vegetables ; and enters into most 
animal and some mineral substances* 

Oif.»**4kibon h not Qoly a oomponeot pwt» but fiofms 
nearly the whole of the solid baiis of all vegetablet, fiCNn the 
qioat delioato flower ia the garden to the hii^ oak of the 
foieit ' It has beaa diicovered that air which baa been spoiled 
by the hieathing of aniinali is peculiarly fitted for i\^e vtegeta- 
tloQ of plants i a circuinstano^ doubtless* owing to its con- 
tainisf a larger portion of carbonic acid. 

In the animal Jkifigdom, carbon is a necessary 
part of sugar, of oijs, &q, ; it conseqi^ntly enters 
into liie composition of ^mlo^al milk, and of ani« 
mat oil and fat: it is also found in albumen, 
gelatine, fibrine, and ip many of the animal 
secretions, — See Carbonic ckdd. 

Carbonic om4e gas. — Priestley discovered 
this gas by igniting chalk in a gnn barrel i 
and he afterwards obtained it in greater quantity 
from chalk and iron filings. He supposed it to 

■■III I ■ ■..IIIW II II II I. I II I 

* On the formatiDn of coal, consult Williamis History rf (he 
Mineral Kingdom ; and Parkinson's Organic Remahu, 
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be a mixture of hydrogen and carbonic acid 
gases. Its real nature was pointed out by 
Cruickshank,* and nearly at the same time by 
Clement and Desormes. «f 

Carbonic oxide gas is colourless and insipid. 
It does not in any wa^^ aflEect the blue colour of 
vegetables, nor aoes it combine, like carbonic 
acid, with lime or any of the pure alkalies. 
Lime water does not absorb it, neitfier does it 
affect its tran»pareiieyi It rs. inflaimmable $ it 
cannot support respifration ; it acts injupiouidy on 
the s^tem ; for, if diluted with air, and taken 
itito the lungs, it very soon occasions headache 
and other unpleasant feelings i and when 
bfeathed pwe^ it almost instaBftty causes pro* 
ft^nd oomia. A mixture of carbonic oxide and 
osrygen gas may be made to explode by flame^ 
by a red hot solid body, or by the electric sparks 

JEjfp, — ^If carfoonic oxide and oxygen gases be mixeft toge- 
ther in the proportion of 100 meaaaies of the fbrmer* 'ahd ra^ 
ther more tiian 50 of the latter, and'Uie mixture be iiiflatned 
in Volta*s eudiometer by electricity* 'Yo a* to ooUect the pro- 
dact of ihe combustion, the #hole of the carbonic oxide, with 
the 50 measures of oxygen, will disappear, aud 100 measures of 
carbonic acid gas will occupy their place; ' 

Obs.^-The specific gravity of cai4)onic oxide is 0.0721. 
Dti tlemry has ^ascertained that When a aucoession of electi^ 
spariLs is passed through cavboni&acid coafined over msrcuiy, 
a portion of that gas is conv^ed into carbonic oxide and 
oxygen. When a mixture of hydrogen and carbonic adid 
gases is electrified, a portion of the latter yields onerhalf of its 
oxygen to the foimer, water is generated, and carbonic oxide 
produced. 

* Nicholson* sJoum, 4to. ed. voL v^ 
^ t Ann, de Cfiinue, voL xxziz. 
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CHAPTER XXVII. 

SULPH0R. 

As a mineral production, sulphur occurs in 
some parts of the earth, particularly in the nei^h« 
bburhood of volcanoes, as in Italy and Siciljr. 
* It is commonly found in a massive state ; but is 
sometimes met with crystallized in the form of 
an oblique rhombic octahedron. It exists more 
abundantly in combination with several inetals, 
as silver, copper, antimony, lead, and irop. It 
10 procured in lar^e quantity by exposing the 
common iron pyrites to a red heat in close 
vessek. 

Sulphur is a brittle solid, of a greenish yellow 
colour, emits a peculiar odour when rubbed, 
and has little taste. It is a non-conductor of 
electricihr, and is excited negatively by friction. 
Its specinc gravity b \J90* At the temperature 
of 190" F. it begins to liquefy; at 20> F. it is ip a 
state of perfect fusion, and it then cast into cylin* 
drical moulds, forms the common roll sulphur of 
commerce. Whep the beat is raised, to 300° or. 
850^ F. it becomes viscid and acquires a reddish 
brown colour ; and if poured at this temperature 
into water, it becomes a ductile mass, and may 
be used for taking the impression of seals. * 

Fused sulphur, on cooling, has a tendency to 

* If sulphur be kept melted in an open vessel, It at length becomes ' 
thick ; and it has the peculiar property of becoming thinner as It 
cools, till it is nearly as thin as water. This is an exception to the 
general law, by which caloric causes the particles of bodies to recede 
from each other. 
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erystallize. A crystalline arrangement is per- 
ceptible in the centre of the common roll sulphur ; 
and by good management regular crystals may 
be obtained* 

Obs, — Sulphur has been discovered in cresses, horseradish, 
and several' other vegetables* It is also evolved from animal 
substances, during tlieir putrefaction, in combination with 
hydrogen. The change which silver undergoes when innnen- 
ed in an egg, shows the presence of sulphuretted hydrogen. • 

Sulphur is very volatile ; it begins to rise 
slowly in vapour even before it is completely 
fused. At 560» or eOO> F. it volartiltees rapidlv, 
and condenses again unchanged in close vessefs. 
It is by this process that common sulphur is puri- 
fied \ and if the sublimation be conducted 
slowlv, the sulphur collects in the receiver in 
the form of detached crystalline graini^ called 
jflowers of silver — a state^ however, in which it 
IS hot quite pure ; for the oxygen of the air tWth- 
in the apparatus combined with a portion of sul- 
phur during the process, and forms sulphurous 
acid, which may be removed by washing the 
flower repeatedly with water. 

Sulphur is insoluble in water, but unites with 
it under favourable circumstances, forming the 
white hydrate of sulphur ^ termed lac sulphurise 
It dissolves readily m boiling oil of turpentine. 
It is also soluble in alcohol, if both substances 
are brought together in the form of vapour. 
The sulphur is precipitated from the solution by 
the addition of i^ater. Like charcoal, sulphur 
retains a portion of hydroi^en so obstinately that 
it cannot oe wholly freed ironi it either by fusion 
or sublimation. Heated in the open air at 
900^ F. or a little higher, it kindles spontaneously, 
and burns with a faint blue light. In oxygen gas its 
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combustion b far more Tivid 9 the flame ia muek 
longer, and of a blaish whke colour. Sulf^u* 
roos acidt in botb cases, is the product ;^-fio sul- 
phuric acid is formed even in oxjgeo gas uniesB 
moisture be present. 

Compomutqf' Sulphur and Oxygetu — There are 
four compounds or sulphur and oxygen, all of 
which have acid properties,-^e composition of 
which is as follows : — 



Hyposulphuioas acid. 


Solpbiir. 
16 


Osygciir 
• • » • 


s. 

1 


Ox. 

1 


Sulphurous acid. 


16 


16 .•.. 


1 


2 


Sulphuric acid. 


16 


<v4 • • • • 


1 


3 


Hyposulphuric acid. 


32 


41/ • • • • 


2 


5 



O^f.— Sulphur will alio combioe with the alkaliei: e. g, 
with potan, soda, aod with ammonia,— compounds which 
po«eai several curious and interesting properties. The allu^ 
line and earthy sulphurets are hard substances of a brown 
colour resembling the liver of animals ; they absorb water from 
the atmosphere, and then emit a foetid odour similar to that of 
putrid eggs. They decompose water, and by that process 
they become partially converted to alkaline or earthy sul* 
phates. 

*«* Sulphur may be combined artificially with most of the 
metals, and with some earths ; but many of the metallic sul- 
phurets are found native in great abundance.^-See Acidi. 



CHAPTER XXVIII. 

PHOSPHORUS. 

Phosphorus is a peculiar substance, cjiiefly 
of animal origin^ discovered about the year 16^ 
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by Brandt, an alchemist of Hamburgh. It was 
formerij obtained by a tedious and disg'usting 
process from urine, «c. ; but it is now generally 
procured hj the decomposition of tiie phosphoric 
a^id which b found in .animal bones. The obieet 
of both processes is to bring phosphoric acid in 
contact with charcoal at a strong red heat. 
When bones are used they are first ignited in an 
open fire till they become quite white, so aS to 
destroy all the animal matter they contain, and 
to oxidize the carbon proceeding from its de» 
composition. The calcined bones, of which 
phosphate of lime constitutes nearly four-fifths, 
should be reduced to a fine powder, and digested 
for a day or two with half their weight of con- 
centrated sulphuric acid, so much water being 
added to the mixture as to give it the consistence 
of a thin paste. The phosphate of lime is de^ 
composed by the sulphuric acid, and two new 
salts are generated— fthe insoluble neutral suU 
phate, and the soluble bi-phosphate of lime. On 
the addition of boiling^ water the bi-phosphate is 
dissolved, and may oe separated oy filtration 
from the sulphate of lime. The solution is then 
evaporated to the thickness of syrup, mixed with 
one-fourth of its weight of charcoal in powder, 
and is heated in an earthen retort well luted with 
clay. The beak of the retort is put into water, 
in which the phosphorus, as it passes over in the 
form of vapour, is collected. When first ob- 
tained, it is frequently of a reddish brown colour, 
owing to the presence of the phosphuret of car^ 
bon, which is generally formed during the process. 
It may be purified by bein^. put into hot water, 
and pressed, while liquid, through chamois 
leather; or the purification may be rendered 
still more complete by a second aistillati6n% 
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Pure phosphorus is transparent and almost 
colourless. It is so soik that it may be cut with a 
knife, and the cut surface has a waxj lustre. It 
fuses at I80» F^ and at 660" F. it sublimes. It is 
jexceedingly inflammable. Exposed to the air, 
at common temperatures, it undergoes a slow 
combustion; it emits a white vapour of a pecu^ 
liar alliaceous smell, appears distinctly luminous 
in the dark, and is gradually consumed* On this 
account phosphorus should always be kept under 
water. 

£x/».«-The disappearance of oxygen which accompanies the 
above changes is shewn by putting a stick of phosphorus in a 
jar full of air, inverted dver water. The volume of the gas 
gradyally diminishes and if the temperature of die air be at €0* 
F. the whole of the oxygen will be withdrawn in the oourae cf 
twelve or twenty -four hoars. The residue is nitrogen, contain- 
ing about one*fortieth of its bulk of the vapour of phosphorus. 

It is remarkable that the slow combustion of 
phosphorus does not take place in pure oxygen 
unless its temperature be about S& F.; but if 
the oxygen is rarefied by diminished pressure, or 
diluted with nitrogen, hydrogen, or carbonic 
acid, then the oxidation occurs at 60° F. A very 
slight degree of pressure is sufficient to inflame 
phosphorus. Gentle pressure between the fingers, 
friction, or a temperature not much above its 
point of fusion, kindles it readily. It burns 
rapidly even in the air, emitting a splendid white 
light and causing an intense heat. Its combus* 
tion is far more rapid in oxygen gas, and the 
light proportionably more vivid. 

Use of Phosphorus. — Hiosphorus is used in 
forming phospnoric acid, in various chemical 
experiments, and in making phosphoric match 
bottles. These bottles may be prepared by 
mixing one part of flour of sulphur with eight of 
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CHAPTER XXIX. 

)iORON. — SELENIUM. — CHLORIl^E. — IODINE, &C. 



The exiitence of boron was discorered hj Sir 
Humphrej Davj, io 1807, by exponni^ boraicic 
acid to the aciioa of a poweiAil gpalvaoie 
battery ; but a sufficient quantity of it was noi 
obtained to enable him to determine its proper- 
ties. It was procured in greater quantitic^s by 
Gay^Lossac and Tbenard, in 1806» by heating 
horacic acid with potasaiunu The boracic acM 
is» by this means, deprired of its oxygen, and 
boron is set free. 

. Ws.'^Boton » a dark olive*ook>ilre4 fiilMlanoe^ wliidi has 
Ddther taile nor unAU and ii a non-00Ddaet«r of dectricfty. 
Boiacic acid is the poAj known compound of boron and 
oxygen. 

. SELENiUMv^Selenium for the most part oc- 
curs, in combination with sulphur, in some kinds 
of iron pyrites. ^ It has hitherto been found in 
very small quantity. It was disoovered, in 1818, 
b^ J9er:^elius» in the sulphur obtained by sdidima- 
tion from the iron pyrites of Fahlun*. 

At common temperatures, selenium is a brittle, 
opaque, solid bodyy without taste or smell* It 
has a .metallic lustre, and the . aspect cf ^lead, 

* In the manufactory of sulphuric acid, at which this sulphur was 
enqdoyed, it was obserred that a reddiah-ooloured matter alwa^ col* 
lected at the bottom of the leaden chamber; and on bumin^this sub- 
stance, Berzelius perceived a strong and peculiar odour, similar to that 
of decayed horse-raddish, which induced him to submit it to a careful 
exammation, and thus led to the discovery of selenium. 
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when ID mass; but is of a deep red colour when 
reduced to powder^ Its specific gravity is be** 
tween 4.8 and 4.32. At 2vt F. it softens, and is 
then so tenacious that it may be drawn out into 
fine transparent threads, which appear- red by 
transmitted light. It is insoluble in water* It 
suffers no change from mere exposure to the 
atmosphere; but if heated in the open air, it 
Gonptbmes readily with oxygen, and two com- 
poitnds^ the oxide and the acid of selenium, are 
generated. 

GHj^ORiifE. — ^Seheele, while inyestigatine the 
nature of manganese, in 1770, discovered this 
substance, and described it und|»r the name of 
dephhgitiicated marine acid. The French che- 
mists called it oxygenized muriniic acidy a term 
afterwards eoniracted to oxynmriatic amd^ from 
^ opinion proposed by Bjsrthollet, that it is a 
compound of muriatic acid and oxygen. (See 
Oxymuriatie Acid.) 

0^5.— -Monatlc or hydrocloric acid gas im discoveied by 
Mestly* in 1772. Chlorine vaialMa with oxygen in four dif^ 
fecent propottions; and for the knowledge of chlorine and 
caffbon, chemists are indebted to-tfae ingenuity of Mr. Faraday ; 
called, the perobloride o( carbon, &c. 

There are two definite compounds of chlorine 
and phosphorus, the nature of which was first 
satisfactorily explained by Sir H. Davy. fSee 
Ms 'Elem* of Chem. p. 290.) 
• Chlorocarbonic acid was discovered by Dr. 
John Davy in 1812, who described it in the 
Pl^ilosophical Transactions for that year under 
the name of phosgene gas. 

Iodine. — Iodine was discovered by M. Cour- 
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tots, a manufacturer of saltpetre, in 1812, at 
Paris. In preparing* carbonate of soda from the 
ashes of sea-weeds, he observed that the residual 
liquor corroded metallic vessels powerftilly; and 
in investigating the cause of the corrosion, he 
noticed that sulphuric acid threw down a dark 
coloured matter, which was converted bj the ap- 
plication of heat into a beautiful violet vapour. 
Struck with its appearance, he presented some 
of the substance to M. Clement, bjr whom it was 
recognised as a new bodj, and who, in 1812, de- 
scribed some of its leading properties in the 
Hojal Institute of France. Its real nature was 
soon after determined by Gay-Lussac and Sir 
Humphrey Davy, each of whom proved that it 
was a simple non-metallic substance, exceedingly 
analogous to chlorine*. 

At common temperatures, iodine is a soft 
friable opaque solia, of a bluish-black co)our, 
and metallic lustre. It occufs usually in crys- 
talline scales, having the appearance of mica- 
ceous iron ore ; but it sometimes crystallizes in 
large rhomboidal plates, the primitive form of 
which is an octahedron. According to Gay- 
Lussac, its specific gravitv is 4.948; but Dr. 
Thompson found it only 3.0844. It fuses at 226^' F., 
and enters into* ebullition at 347^ F.; but when 
moisture is present, it sublimes rapidly, even 
belo^ the degree of boiling water, and suffers a 
gradual dissipation at low temperatures. Its va- 
pour is of an exceedingly rich violet colour, a 
character to which it owes the name of iodine. 

Iodine is a non-conductor of electricity, and, 
like oxygen and cbloripe, is a negative eiectric. 

• The original papers on this subject are in the Annales de Chiipie, 
vols. Ixzxviii., xc, and xci., and in the Phil. Trani. for 1814 ftnd 1S15. 
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It has a very acrid taste, and its odour is nearijr 
similar to that of iodine, when much diluted with 
air. It acts energetically on the animal system 
as an irritant poison, but in smipiU doses it is 
advantageously employed in medicine. It is 
sparip^ly soluhle in water^ reauiring about 7000 
times its weight of that liquid for solution. It 
possesses an extensive ran^e of affinity. It de- 
stroys vegetable colours, though in a much les^ 
degree than chlorine. It is nreely dissolved in 
alcohol and ether, and the solution has a deep 
reddish-*brown colour. It manifests little dis* 

Eosition to combine with metallic oxides ; but it 
as a strong attraction for the pure metals, and 
for most of the simple non-metallic substances. 
These combinations are termed Iodides or /o« 
durets. It is not inflammable; but under favour* 
able circumstances may, like chlorine, be made 
to unite with oxygen.* The violet hue of the 
vapour is, for many purposes, a sufficiently sure 
inaication of its presence. 

Bromine. — This new suhstance, supposed to 
be simple, has been Tecently discoverea in sea- 
water by M. Balard, of Montpelier. The name 
first applied to it by the discoverer is muride. 

At common temperatures bromine is a liquid, 
of a blackish-red colour when viewed in mass and 
by reflected light, but appears hyacinth-red when 
a thin stratum is. interposed between the light 
and the observer. Its odour, which somewnat 
resembles that of chlorine, is very disagreeable, 
and its taste powerful. It acts with energy on 
organic matters, such as wood or cork, and cor- 
rodes the animal texture ; but if applied to the 
skin for a short time only, it communicates a 

K 
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jellovr stain, which is l^ss intense than that pro- 
duced by iodine, and soon disappears. It is 
highly destructive to animals, one drop of it 

IJaced on the beak of a bird having proved faitaL 
ts specific gravity is about 3. It is a non-con- 
ductor of electricitj^-the voltaic pile does not 
decompose : it is soluble in water, in alcohol, 
and particularly in ether. It does not reddeii 
litmus paper, but bleaches it rapidly like chlc^ 
rine ; ana it likewise discharges the blue colour 
from a solution of indigo* 

' 06s, — On mixing the vapour of bromine with hydriodic 
acid, sulphuretted hydrogen, or phoBphuretted hydrogen gaiea, 
decotopotition follow^ and a colourless gas, possessed of add 
properties, called hydrobromic acid, i» genenfed. 

' The bromates are analogous to the chlorates 
Snd iodates. 






^* M. Balard has ascertained that bromine exists in qaarine 
plants which grow on the shores of the Medi|erranean sea, and 
has procured it in appreciable quantity fh>m the ashes of the 
sea-weeds that furnish iodine. ' He has likewise detected its pre- 
sence in the ashes of some animals, especially in those of the 
Jarthina violacea, one of the testaceous moUuscas. 



CHAPTER XXX, 

A^MOmAQ/kL OA6«* 



fpB, tlje purposes of ^xperip^^t^. this gas is 
most convena^e^Uly formed by ^iPplgFMP'i? * gentle 

--- ■— -- ■■■ ■ I ■■■■»■! 

^ Spifh of hartehorn has long been femiHar to chemists ; but the 
C»8 Jep w oC ammoWi M * gss, wa« first DQlwefi ^y Dr, Priestley, mi4 
desjcribed by him under tljte naine alkiuinfi. air, Uis sonoetiines called 
the tolatih aikaU, though ttie terms ammooia and s^mmoniacalgat are 
Qpve wast etitanaoallF ievaptay^d. 
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beat to the concentrated solution of ammonia, 
contained in a ^lass vessel. It soon boils, and a 
lar^e quantity of pure ammonia is set free. 

Ammoniacal gas is colourless; has a strong 
psngent taste, and acts powerfully on the eyes 
and nose. It is quite irrespirable m a pure form, 
but when diluted with air, it may with safety be 
inhaled. It extinguishes burning* bodies, and 
the gas is not inflamed by coming m contact with 
them. Ammonia, however, is inflammable in a 
low degree ; for when a lighted candle is im- 
mersed in it, the flame is somewhat enlarged, 
and tinged of a pale yellow colour at the moment 
of being extinguished ; and a small jet of the 
gas will burn in an atmosphere of oxygen. A 
mixture of ammoniacal and oxygen gases deto- 
nates by the electric spark ; water is formed, and 
ilitrogen remains. A little nitric acid is gene- 
rateaat the same time, except when less oxygen 
is employed than is sufficient for combining with 
all the hydrogen of the ammonia. (See Dr. Henry 
in Philos. Tram, for 1809.) 

At the common temperature of 50° F., and 
under apressure equal to 6,5 atmospheres, ammo- 
' niacal gas becomes a transparent colourless 
fluid. 

Ammonia has- all the properties of an alkali in 
a very remarkable degree. It has an acid taste, 
" and ffives a brown colour to turmeric paper; 
though the yellow colour soon re-appears on ex- 
posure to the air. It combines also with acids, 
and completely neutralizes their properties. 

Ohs. — ^Hydrogen and nitrogen gases, of which ammoniacal 
gas is composed, do not unite directly y ciiemists, therefore, have 
n6 synthetic proof of the constitution of ammonia. Though 
analytically itfr composition has been accurately determined. 

k2 
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By pMring electric sparks through aromoomcal ^as, it k ie> 
solved into its elements. Th« Mine effect is produced by eoo- 
ducting ammonia through porcelain tubes heated to ledness- 
(SeeEdrpO 



CHAPTER XXXI. 

COMPOUNDS OF HYDROGEN AND CARBON. 

There are two distinct compounds of hydrogen 
and carbon, with which chemists for some time 

East have been acquainted — namely, the car« 
uretted hydrogen and olefiant gas; but Mr. 
Fariiday has discovered two new substances of a 
similar nature, and demonstrated the existence 
of others, though hitherto he has been unable to 
obtain them in an insulated form. According to 
Dr. Thompson, naptha and napthaline are IiKe- 
wise pure carburets of hydrogen. 

Light Carburetted Hydrogen.. — ^This sas 
is sometimes called heavy inflammable air^the tn* 
flammable air of Marope^^ hyaro^arburet^ and 
protc^rarburet of hydrogen. It is abtmdantly 
formed in stagnant pools durinsf the spontaneous 
decomposition of dead vegetable matter; and it 
may readily be procured by stirring the mud at 
the'bottom'of tnem, and collectinff the ^as, as it 
escapes, in an inverted glass vessel. This gas is 
tasteless, <and nearly inodorous. It does not 
change the colour of litmus or turmeric paper. 
It extinguishes all burning bodies, consequently 
it is unable to support the respiration of animals. 
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It is highly inflammable, and when a jet of it is 
set on fire, it burns with a yellow flame, and with 
a much stronger light than is occasioned by 
hydrogen gas. With atmospheric air or oxygen 

fas, in due proportions, it forms a mixture which 
etonates powerfully with the electric spark, or 
in coming in contact with flame. The sole pro- 
ducts of the explosion are water and carbonic 
acid. 

. *«* Mr. Dalton first ascertained the real nature of light.car- 
innetted hydrogen ; and it has since been particularly examined 
by Dr. Thompson, Sir H. Davy, and Dr. Henry. 

Olefiant Gas. — This gas is sometimes called 
bMdrburetted or per-'carburetted hydragen^ and 
hifdroguret of carbon; but the name olefiant gas 
gfiven to it by the Dutch chemists, who discovered 
it in 1796, is that by which it is best known, from 
the property it possesses of forming an oily liquid 
with chlorine. It is prepared by mixing in a 
capacious retort six measures of strong alcohol 
with sixteen of concentrated sulphuric acid, and 
heating the mixture as soon as it is made by 
means of an Ar^and lamp. The acid soon acts 
upon the alcohol, effervescence ensues, and ole- 
fiant gas passes over. The chemical changes 
which take place are of a complicated nature, 
and the proaucts numerous. In the process, the 
gas is derived solely front the alcohol; and its 
production is owing to the strong affinity of sul- 
|>huric acid for water. 

Olefiant gas is a tasteless, colourless, elastic fluid, 
and when pure with scarcely any odour. It ex.- 
tinguishes flame ; is unable to support the respira- 
tion of animals, and is set on fire when a lighted 
■candle is presented to it, burning slowly with the 

K 3 
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emission of a dense white lig^ht It forms a mixtare, 
with a proper quantity of oxygen gas, which muf 
be kinaiea by flame or the electric spark, and- 
which exploaes with great violence. Chlorine 
acts powerfully on defiant ff as ; and in the pro* 
portion of two measures of the former to one 
of the latter, they take fire on the approach of 
flame, and bum rapidly with formation of muru^ 
tic acid gas, and aeposition of a large quaoti^ 
of charcoal. But if the gases, after being mixedf, 
are allowed to remain at rest, a very different ac* 
tion follows ; for the chlorine, instead of deoom- 

Eosing^ the defiant ffas, enters into direct com- 
ination with it, and a yellow liquid-like oQ is 
mnerated, called chloric eiher; though the term 
hydrocarburet of cklariMe^ as indicative of its 
composition, is more > appropriate. 

03«. — Hydrocaiburet of chlorine was discovered by the 
associated Dutch chemists; but Dr. Thompson fMem&ir$ of 
the Wemerian Society , vol. i.) was the first who ascertained it 
to be a compound of olefiant gas and chlorine; and its nature 
has since been more fiilly explained by the researobei of MM. 
Bobiqoet and Colin. (See Ann» de Chimie et de Phii* vol. i. 
and ii.) 

*«* For the new carbmels of hydrog;en discovered by Dr. 
Faraday, see Atmali of Philoiophy^ New Series, vol. vi..; 
also Turner*s Ekm, efChem, p. 285, et 8eq. 

Coal and Oil Gas. — ^For the nature of the 
inftanunable. gases deriyed from the destructive 
distillation of coal and oil first discovered by 
Dr* Henry, see NichohmCs Journal Jhr 1805; 
fkUosophical Trangactiom for 1808 and 1821, 
and Edinburgh Philosophical Journal for 182&. 

Od«.— The chief constituents of coal and oil gas were found 
by Dr. Henry to be light carburetted hydrogen and olefiant ga% 
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besides %liieb^ tbey 'ceatom an ififlamntable vapour, free hydro- 
gcDy ictebotiie acid» carboDic oxide, and nHfogen gases. Mf. 
Faraday has itill furUier preyed HAtt there ^ts in oil gas, an4 
by i^finenfte in coal ^ ako, the vapour of several definite com^ 
podDds.0f c^boB and hydrogen, the presence of which for the 
pifrposes of Dluminatioii, is exceedingly importaiTL 

*^* The preparation of coal and oil gas is a process of con^ 
siderable delicacy^ being performed by heating coal to redness 
in iron retorts. As r^gatds the economy of the two gases, it 
tnay be observed that the illuminating power of oil g^s> of 
specific gravity 0.900, is about double that of coal gas of 0.60C^ 
in cOal districts^ however, oil g6s is lully three times the price 
of coal ^ ; in sueh places, tlwrefore^ the latter is considerably 
cheaper. (See the Authorities adove quoted,) 



CHAPTER XXXii. 

COMPOUNDS OF HYDBOG6N AND SOlPHtJft. 

Sulphuretted Hydtof^^thn g«B is formed* 
in a pure st^te, by heating stilphxirtet of antiio^iiy 
in a retoyt, or atiy conmenieM gites flask, witb 
four or five times its weight of itroiTj^ miiriatic 
adid. It riiiy also h^ procured by ihe action of 
sulphurii!^ &t tiiuriatic acid, diluted with three or. 
four parts of water, or the protosulphuret of iron,, 
^icn may be formed either by igmtii>^ common 
iron pyrites (the deuto^ulpnuret of iron) by 
which one atom of sulphur is expelled; or by 
exposing to a low red heat a mixture of two part^ 
of iron filings, and rathef more than one of sul- 
phur; placmg the materials in e cottimon.^ 
ekrlimL or iron crucible, protected, during: the 
prcBo^ss^ a^niti^ as possible firom the airt 
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0^#.— SulphoicCted hydrogen gat it ookmileH» and it dit» 
tinguithed from all other gaseous sobatances by its ofleoshre 
taste and smell, which is similar to that of rotten eggs, or the 
water of sol phuroatspriogs. It is very iojnrious to animal life. 
It extinguishes all buniing bodies; but the gat takes fire when 
a lighted candle is immersed in it, and boms with a pale bloe 
fiame. It has decided acid properties; for it reddens lUmos 
paper, and forms salts with alkalies; hence it is sometimes 
called kydrasu/phurie acid ; and its aalts are called hydro^ 
nUphurtti or hydrotulpkiten all of which are decompoied 
by moriatic or sulphuric acid, and sulphuretted hydrogen is dis- 
engaged with efii^etoeDce. Water and anlphuroas acid are 
the products of its oombutHon, and sulphur is deposited. 

The affinity of sulphuretted bjdrogen for 
metallic substances, renders it a chemical agent 
of considerable importance. It tamisbes gold 
and silver, and forms with them metallic sul- 
phurets. White paint, owin^ to the lead it con- 
tains, is blackened bj it; and the salts of nearly 
all the common metals are decomposed by its 
action. The most delicate chemicsd test of its 
presence is white paint (carbonate of lead) 
mixed with water, &nd spread upon a piece of 
white paper. Bv thb means so minute a quantity 
of sulphuret of nydrogen may be detected, thai 
one measure of the gas mixecl with 20,000 times 
its volume of air, hydrogen, or carburetted hy« 
drogen, gives a brown stain to the whitened 
surface. Henry. 

Obs. — An atmosphere charged with sulphuretted hydrogen 
may, in the space of a few minutes, be purified by means of 
chlorine. This gas is composed of sixteen parts of sulphur and 
one of hydrogen. Its specific graTity, compared with that of 
hydrogen, is sixteen to one. One hundred cubical inches of it 
weigh thirty-six grains. 

' BUsulphureited Hydroffen.-^Tb\s compound^ 
though discovered by Scheele, waa first particu«>^ 
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larly described by Berthollet, It is easily made 
by boiling* equal parts of recently slacked lime 
and flowers of sulphur with five or six of water, 
when a deep orange-yellow solution is formed, 
which contams a hydrosulphuret of lime with 
excess of sulphur. On pouring the liquid into 
strong muriatic acid, a copious deposition of 
sulphur ensues; and the greater part of the sul- 
phuretted hydrogen, instead of escaping with 
effervescence, is retained by the sulphur. After 
some minutes, a yellowish semi-fluid matter like 
oil collects at the bottom of the vessel, which is 
bi^ulphuretted hydrogen. ". : . ' ' 

O^s. — ^Tbe salt9 of foi-sulpburetted hydrogeh may be pre- 
pared by digesting sulphur in solutions of the alkaline or earthy 
hydro-sulphurets. They are also generated when alkalies or 
alkaline earths are boiled with sulphur and water; though in 
this case another salt is formed at the same time. 

» 

Erp, — On boiling lime and sulphur, as in the preceding pro- 
cess, the only mode by which sulphuretted hydrogen can be 
fomied at all is by the decomposition of water; but as no 
oxygen escapes during tlie ebullition, it is manifest that the 
elements of that liquid must have combined with separate por- 
tions of sulphur, and have folrmed two distinct acids. . One, in 
all probability, hydrosulphurous acid ; the other, sulphuretted 
hydrogen. . < 

*^* The salts of the bi-sulphuretted hydrogen absorb oxygen 
from the air, and pass gradually into hyposulphites; and a 
similar change is rapidly effected by the action of sulphuroua 
acid. 
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CHAPTEll XXXIII. 

HYDROGEN AND SELENIUM — HTDRO-SELENIG 

ACID. 

Like sulphur, selenium forms a gaseous cora« 
pound with hydrogen, which has distinct acid 
properties, and is termed sekniureiied hydrogen^ 
or n^dro^Belenic add. It may be procured by 
beating the seleniuret of iron in muriatic acio. 
It is also disengaged when muriatic acid is added 
to a solution of hydro-seleriate. 

Hydro-selenic acid is colourless. Its smell is, 
at first, similar to that of sulphuretted hydrogen^ 
but it afterwards irritates the lining membrane o# 
the nose powerfully and excites catarrhal symp- 
toms, and for some hours destroys the sense of 
smelling. It is absorbed freely by water, form- 
ing a colourless solution, which reddens litmus 
paper, and gives a brown stain to the skin. It is 
soon decomposed by exposure to the atmos- 
phere; in conseauence of the oxygen of theair 
uniting with the nydrogen of the hydro-selenic 
acid, and selenium, a precipitate in the fonn of a 
red powder, subsides. By nydro-selenic acid, all 
the salts of the common metals are decomposed, 



CHAPTER XXXIV, 

PERPHOSPHURETTED HYDROGEN. 

This compound of hydrogen and phosphorus 
was discovered, In 1783, by M. Gengembre, since 
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which it hes beeb palrticitbn'lj exaxniiii^ hiy MtSi 
Dalton and Dr. Thompson. It may be peepaUdd 
sevetal vrhfS^ 

1« By heating, phiwpborus in a strong BolutiaiL 
of pure ppta3B« 

3« By heating a mixture made-o( 8ma]ii pU^df; 
of ph09phoi:u& and tecently slacked lime, to 
vrfaieh a suffieie&t quantity of water is added to 
give it the eonststejace of a tbiek paste.^ 

3. By the aetiofi of dilute muriatic acid^ aS'* 
sisted by a moderate h^M^ on the phospburet of 
lime. 

Ift ftli of these ptoeesses three oompounds oi 
phosphorus are generated' & 
I. Phosphori-c a<?i4« 
9. Hypophospborous acid. 
3. Perphoaphur^tted hydrogen^; 
all of which are produced by the decomposition 
of water and the combination of its elements, 
which separate portions of phosphorus. The gas 
should be generated at as slow a temperature as 
possible, or otherwise some free hydrogen is apt 
to pass over. Phois^huretted hydrogen has a 
bitter taste, and a peculiar smell resembling that 
of garlic. The solution does not redden ntmus 
paper, nor does the gas itself possess acid ^ro- 
pertie;^. 

O^^.-'-PEOni the combustibility of tfair gm^ it would, bd 
dflDgefOQft to -put it in any quantity with air or oxygen in qIoogI 
veeftels.' For the same leason oare' ii requisite in loftking^ th^ 
gai, to allenRT it: to form very slowly at firati that the Qaa^§m 
within'the apparatus may be gradually constuBad. 

'^♦'^Thespecifie gravity of photf^Uftir^tted b^Rigeii^ 4eoO«idk 
ing to Dr.'lti<»mpson,i^' 0.9037; and one bundled oubie 
inches at 60^ B'., and' whan; tlie baromeUr stands at»tiiiBlyi 
inches, iwigh) 97.5968 grains^ Baecatly boiled ivdtec. abMrbi 
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about <me*fiftMtfa of ill irohnie» and aoqaini tiie peiBi£« od^ 
ofthegM. 

Proiapkoiphureited Hvdroyen. — ^Tbis colour- 
less gas, which has the following properties,- was 
described bj Sir H. Dayy, in l8l3. Its odoiin 
though disaCTeeable, is less fostid than the ore- 
ceding. Water absorbs about one-eighth or its 
volume. It does not take fire when mixed with 
air or oxygen at common temperatures, but the 
mixture cietonates with the electric sparky or 
when heated to the temperature of 90(F F. 
Admitted to chlorine gas it instantly inflames, 
emittinfif a white lifirht,* which it possesses in 
common with the plrphospharettecThTdr^ii. 
It is prepared by heating the solid hydrate of 
phospnorous acia in close vessels. (See Sir H. 
JDavy's Elem. of Chemistry , p. 297.) 



CHAPTER XXXV. 



COMPOUNDS OF NITROGEN AND CARBON. 

Bi'^arburet qf^lrogen^ or Cganogen Gas. — 
Cyanog'en ffas was discovered by M. Gay-Lussac 
in 1815. It is formed by heating the cyanuret of 
mercury, carefully dried, in a small. retort, by^ 
means of a spirit lamp. On the supposition of 
its being a compound of the oxide of mercury 
and prussic acid, it was formerly CBlleAprussidte 
of. mercury; and is in reality composed of 
Qietallic mercury and cyanogen. On exposing, 
tt' to' a- low red heat it is resolved into its 
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elements. The cyanogen passes ov*r in the 
form of gas, and the metallic mercurjr. sublimes. 
It is colourless, and has a pungent and verj 

Eeculiar odour. It extinguishes burning bodies; 
ut is inflammable, and ourns with a beautiful 
and characteristic purple flame. It can support 
a strong heat without aecomposition; and though 
a compound body, it has a remarkable tendency 
to unite with elementary bodies'. Its affinity, on 
the contrary, for metallic oxides is comparatively 
feeble. 

06s. — All the compounds of cyanogen, which are not acid, 
are called cyanurets or cyanides* 

Hydrocyanic or Prussic Acid. — This acid 
was discovered by Scheele, in 1762. BerthoUet 
ascertained afterwards that it contains carbon, 
nitrogen, and hydrogen; but the discovery of 
cyanogen enabled Gay-Lussac to procure it in a 
pure state, and thereby to determine its real 
nature. 

Prussic acid may be prepared by heating the 
cyanuret of mercury in a glass retort with two- 
thirds of its weight of concentrated muriatic 
acid. Yauquelin proposes a method by which it 
may be procured more abundantly; wtiich con- 
sists in filling a narrow tube, horizontally pladed, 
with fragments of the cyanuret of mercury, and 
causing a current of sulphuretted hydrogen gas 
to pass slowly alon^ it. The instant that ^as 
comes in Contact witn the cyanuret, double de- 
composition ensues, and hydrocyanic acid-and 
blacK sulphuret of mercury are generated. The 
progress of the sulphuretted hydrogen along t^e 
tube may be distinctly traced by th& change of 
eolour» and the experi9ient may be closed as 
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soon as the whole of the ejranuret has become 
black. All that now remains is to expel the 
fajrdrocyanic acid bj a g^entle heat, and collect it 
in a cool receiver. This is an easv, elegant,, and 
productive process. 

Pure hjdrocyanic acid is a limpid colourless 
fluid, with a stron|^ odour similar to that of peach 
blossoms. Il excites, at first, a coolness of the 
tongue, which ia soon followed by heat; but 
when diluted it has the flaTour of bitter almonds; 
It is so exceedingly volatile that its vapour, 
during warm weather, may be collected over 
mercury. Its specific g[ravrty at 45** F. is 0.7058w 
Its point of ebullition is 79" F., and at zero it 
congeals. It is so powerful a poison that a 
single drop of it placed on the tongue of a dog^ 
causes death in toe course of a very few seconds; 
and small animab confined in its vapour, are 
speedily destroyed. 

From the powerful action of .hydrocyanic acid 
on the animal economy, this substance, in a di« 
luted form, is sometimes eibployed medicinally. 
The quantity of dilute hydrocyanic acid, how^ 
ever prepared, is* very variable, owing to the 
volatility of the acid, and its tendency to spqnta* 
neous decomposition. On this account it should 
be made only in small quantities at a time, kept 
in well stopped bottles, and excluded from the 
Ught. 

Hydrocyanic acid may be procured of any 
given strength by dissolving the oyanuret of 
mercury in water, and passing a current of sul« 
phuretted hydrogen through the solution till the 
whole is decomposed. The excess of sulphuretted 
hydrogen is removed by agitation with carbo^. 
nate m lead, and. the hydrocyanic: acid; is aftern 
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wards separated from* the inscduble matter ^by 
filtration^ At Apothecaries* Hall, the process 
adopted is to mix in a retort one part of the 
cyanuret of mercury, one part of muriatic 
acid of the specific g^ravity of 1.15, and six parts 
of water, and to distil the mixture. The produce 
has a density of 0.996. (Brande^s Manual qf 
Chem^y vol. i.) 

Cyanic Acid. — This acid i* characterised bf 
the facility with which it is resolved by Wiater into 
the carbonic acid and ammonia. This change is 
effiscted by merely boiling an aqueous solution 
of the cyanate of potass; and it takes place more 
rapidly when an attempt is made to decompose 
the cyanate by means of another acid. It the 
acid IS diluted, the cyanic acid is instantly de» 
composed, and the carbonic acid escapes with 
effervescence. But, on the contrary, ii a. con- 
centrated acid be employed, then the cyanic 
acfd resists decomposition for a short time, ^nd 
emits a strong odour of vinegar. 

According to Wohler, the cyanate of potass 
may be procured in large quantity by mixing 
the ferrocyanate of potass with an equal weiffft 
of the peroxide of manganese in fine powder, 
and exposing the mixture to a low: red heat. 
The cyanogen of the ferrocyanic acid receiver 
Oxygen from the manganese, and is converted 
into cyanic acid, which unites with the potass; 
The ignited mass is then^ boiled in alcohol of 
eighty-six per cent.; and as^ the solution cools, 
the cyanate is deposited in small tubular crystals 
like the chlorate of potass. 

The cyanic acid forms a soluble salt with 
batytes, but insoluble ones with, the oxides of 
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lead, mercurj and silver. If the cyanate of 
potass be quite pure, it gives a white precipitate 
with nitrate of silver, and the cjanate of silver 
thus formed dissolves without residue in dilute 
nitric acid. 

The cyanic acid of M. Liebig, a powerfully 
detonating compound of mercury, was described 
in the Philosophical Transactions, for 1800, by 
Mr. E. Howard. ^ It is prepared by dissolving 
one hundred grains of mercury in a measured 
ounce and a half of nitric acid of specific gravity 
1.3, and adding, when the solution has become 
cold, two ounces, by measure, of alcohol, the 
density of which is 0.849. The mixture is then 
heatea till a moderately brisk effervescence 
takes place, during which the fulminating oom<» 

Eound is geiverated. A similar substance may 
e made by treating silver in the same manner. 

Q3#.-^Fu]iiiioatiog silver and mefcury bear the heat of 212* 
or erea 260^ F. without detonating; hat a h^^ teroperatmc^ 
or dight percunioif between two faaid bodies, causes them to 
explode with violence. The nature of these compounds was 
discovered in 1823, by M. Liebig C^nn- de CA. tt de Ph^ 
vol.' xxiv.) who demonstrated that they are salts composed of a 
peculiar acid, which he termed ykiminie acidf in combination 
with the oxide of mercury or of sulphur. 

*«* The cyanic acid has not yet been obtained in an insn- 
lated form ; for while some acids do not decompose the cya- 
nates, others act on the cyanic acid itself, and give rise to new 
products. 

Chlorocyanic Acid. — ^The existence of this acid 
was first noticed by Berthollet, who called it oxy» 
prussic add, on the supposition of its containii^ 
prussic acid and oxygen; but its real compost* 
tion having been determiQed by Gay-Lussac, he 
proposed the more appropriate term of chloro* 
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cyanic acid. When chlorine is conducted into 
an aqueous solution of hydrocyanic acid till the 
liquid acquires bleaching properties, and the ex«*- 
cess of chlorine is then removed by agitation 
with mercury, two acids are obtained, one of 
which is the muriatic acid, and the other a com** 
pound'of cyanogen and chlorine. 

06s. — ^Tliis acid has Dot hitherto been procured in a sepa- 
rate state. When first formed, it is mixed with muriatic acid 
and water ; and, on heating the solution, a gas is expelled which 
may be collected over mercury, and which, on examination, is 
found to be a mixture of chlorocyauic and carbonic acid. 

Cyanogen and Iodine. — The cyanuret of iodine, 
discorered, in 1824, by M. Serullas, may be pre- 
pared by the following process: — 

Ex.'^Two parts of the cyanuret of mercury and one of 
iodine, quite dry, are intimately mixed in a glass mortar, 
and the mixture is introduced into a phial with a wide mouth. 
On applying heat, the violet vapours of the iodine appear; but 
as soon as the cyanuret of mercury begins to be decomposed, 
the vapour of iodine is succeeded by white fumes, which, if re- 
ceived in a cool glass receiver, condense upon its sides into 
flocks like cotton wool. 

Obs. — When slowly condensed, the cyanuret of iodine oc- 
curs in very long and exceedingly slender needles, of a white 
colour. It has a very caustic taste and penetrating odour, and 
excites a flow of tears. It dissolves in water and alcohol, and 
forms solutions which do not redden litmus paper. When 
water is present, the sulphurous acid has a very powerful action 
on the cyanuret of iodine. On adding a few drops of this acid 
iodine is set free, and hydrocyanic acid is produced ; but when 
more of the sulphurous acid is employed, the iodine disappears, 
and the solution is found to contain hydriodic acid. These 
changes are of course accompanied with the formation of sul< 
phuiic acid, and the decomposition of water. 
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ferroegatde ./f ctdL-^Withm these few yean 
pftst, the ferrocjanic acid has been imder the 
judicious researches of Mr. Porret, Ber2elius, 
and M. Robiquet. Mr. Porret recommends two 
methods for obtaining it, by one ot which it is 
procured in crystals, and by the other in a state 
of solution. The first process consists in di»* 
solving fifty-eight grains of crystallized tartaric 
acid in alcohol, and mixing the liquid with fifty 

S'ains of the ferrocyanate of potass, dissolved in 
e smallest possible quantity of hot water. The 
bi-tartrate or potass is precipitated, and the clear 
solution, on beinff allowed to evaporate sponta*- 
neously, gradually deposits ferrocyanic acid in 
the form of small cubic crystals of a yellow 
colour. (See Nete^ &c. p. 13^) 
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CHAPTER XXXVI. 

substances which, in relation to oxygen, 
contain an excess of hydrogen. 

1. Oils. 2. Resins. 

Fixed. Amber 

Volatile. Bakams. 

— ;— Camphor. Gum Resins. 

■ ' ■ ■ Gaoutchotrc. . 

Wax. 

8. Alcohol. 
Ether. 

Sulphuric Ether. 

Nitrous Ether. 

Acetic Ether. 

Muriatic Ether. 

— — Hydriodic Ether. 

4. Bituminous Substances. 

' ■ ■ ' Naptha. . Retinasphaltumw 

— *— Petroleum. . Pit Coal. 
I " ■' Aspfaaltum. — — Glance Coair 
Mmeral Pitch. 



Oixs. — Q. How are« oils characterised ? 

A. By a peculiar unctuous feel, by their in« 
flammability, and insolubili^ in water. 

Q. How are oils dividedf 

A. I'hey are divided into the fixed and vola** 
tile, the mrmer of which being comparatively 
fixed in the fire, and therefore ^ive a perma« 
nently greasy stain to paper ; while the latter, 
owing to their volatility, produce a stain which 
disappears by gentle heat. ^ 
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Q. Iq the seeds of what plants are the fixed 
oils usually contained f 

A. In the seeds of the almond, linseed, rape- 
seed, and poppj seed : but olive oil is extracted 
from the pulp which surrounds the stone. 

Q. How are these oils procured f 

A. The J are procured bj bruising the seed, 
and subjecting the pulpy matter to pressure in 
in an hempen oag, a gentle heat being gienerally 
employed at the same time to reder the oil more 
limpioi 

Obi, — ^Fijoed oils, tbe palm oil excepted, are fluid at commoo 
temperatures} are nearly inodorui, and have little taste. They 
are lighter than water* are commonly of a yellow colour, but 
may be rendered nearly or quite colourless by the action of 
animal charcoal. They undeigo considerable change by ex- 
posure to the air. They do not unite with water, though 
they may be permanently suspended in that fluid by means of 
sugar or mucilage, so as to form an emulsion. For the most 
part they are sparingly soluble in alcohol and ether. Strong 
sulphuric acid thickens the fixed oils, and forms with them a 
tenacious matter like soap : and they are also rendered thick 
and Tiscid by the action of chlorine* Concentrated nitric acid 
acts upon them with great energy, giving rise in some instaaees 
to the production of flame. Fixed oils unite with the common 
metallic oxides, and are readily attacked by alkalies. 

Volatile Oils. — ^Volatile oils maj be obtained 
by distillation, water being put into the still along 
with the plant, in order to prevent the latter from 
being burnt. It is to the presence of a volatile 
or essential oil that aromatic plants owe their 
flavour. 

0^1.— Essential oils have a penetrating odour and acid taste, 
which are often pleasant when stifilciently diluted. They 
(mite with the fixed oils in every proportion, and are sometimes 
adulterated with them. • ' " 
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Volatile oils burn in the open air> with a clear 
light, and the sole products of the combustion 
are water and carbonic, acid. Thej do not 
readily unite with metallic oxides, and are 
stacked with difficulty even by the alkalies.* 
They dissolve sulphur in large quantity, forming 
a deep brown coloured liquid, called balsam of 
sulphur. The solution is best made by boiling 
flour of sulphur in spirit of turpentine. Phos- 
phorus may likewise be dissolved by the same 
menstruum. 

*^* The most interestiog of the essential oils are those of 

Turpeatine Anise 

Carraway Lavender 

Cloves Cinnamon 

Peppermint Citron 

Nutmeg Chamomile: 

Of these the most important is the fifst, uhich is much em- 
ployed in the preparation of vamishesy and for some medical 
and chemical purposes. 

Camphor.— Q. How is camphor obtained ? 

•^. Camphor, which in several respects, is 
closely allied to the essential oils, exists ready 
formed in the laurus camphora of Japan, froooi 
the trunk, root and branches of which it is ob« 
tained by sublimation. 

Q. What are the properties of camphor ? 

Jl. It is inflammaDle ; has a bitterish, aromatic, 
pungent taste, accompanied with a sense of 
coolness. It is unctuous and brittle; but it 
possesses a degree of toughness, which prevents 
it from bein^ e^ily pulverised. It is exceed- 
ingly volatile, being gradually dissipated in 

• * The substance callied Starkey's soap, ii made by triturating ml 
of turpentine- with an alkali. 
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vapour if kept in open yesBels. At 288" P. it 
enters into fusion, and boik at 40(F F« ltd 
specific g^vitj is 0.968. 

05«.— Camphor is insoluble in wafer ^ but wheo iritaratod 
witii sugar, and then mixed with that fluid, a portion is 
fissoWed sufficient for communicating its flavour. It is dis- 
solved fteety by alcohol, and is thrown down by the addition 
of water. It is likewise soluble in fixed and volatile oils, and 
in strong acetic acid. Sulphnnc add decompoKs camphor, 
converting it inio a substsnoe li(ke attifieiai tannin. With the 
nitric it yields sulphuric acid. 

Resins. — Q. What are resins ? 

Jl» Resins are the inspissated juices of plants, 
and commonly occur either pure or in combina- 
tion with an essential oil. They are solid at 
common temperatures, brittle, inodorous, and 
useful* They are generally of a yellow colour, 
and some transparent. 

06s. — Resins are dissolved by alcohol, ether and the essen- 
tial oils, and the alcoholic and ethereal solutions are pre- 
cipitated by water, a fluid in which they are quite insoluble ; 
their best solvent is pure potassa and soda ; and they are also 
soluble in the alkaline carbonates, by the aid of he&U Con- 
centrated sulphuric acid dissolves resins ; but the acid and the 
fesin mutually decompose each other, with disengagement of 
sulphurous acid, and deposition of charcoal. 

Q» What are the uses of resin ? 
^. ITie uses of resin are various. Melted 
with wax and oil, resins constitute ointments and 

Elasters ; with oil or alcohol, they form different 
inds of oil and spirit varnish. Sealing wax is 
composed of lac, Venice turpentine, and common 
resin. The composition is coloured black, by 
means of lamp-black, or red, by cinnabar and 
red lead; Lamp-black is the soot of imperfectly 
burned resin. 
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' Q. Which are the most important restns ? 

A. Of the different resins, the most important 
are common resin, copal, lac, sandarach, mastic, 
elemi, and dragon's Iblood. The first is pro- 
cured by heating turpentine, which consists of 
oil of turpentine and resin, so as to expel the 
volatile oil. 

Obs, — The coBunon turpentiae, obtained by incisions made 
in the trunk of the Scotch *fir-tree (pinus syivestris)^ for 
the above purpose i but the other kinds of turpentine, such as 
the Venice turpentine, from the larch (pinus larix)^ tiie 
Canadian turpentine from the pinus ialsamea, or the 
Strasburgh turpentine from the pinus pricca, yield cesin by a 
similar treatment. 

Q. Where is amber found ? 

•^» Amber is found chieflj on the coasts of 
Pomerania, Livonia, Prussia, and Denmark, 
occurring sometimes in beds of bituminous 
woods. 

06h, — Amber is unquestionably of vegetable origin, and 
has the general properties of a resin ; but it difiea from lesinoui 
substances in yielding succinic acid, when heated in close 
vessels. 

Q. Describe the balsams^ and the manner in 
which they are procured ? 

wf. The balsams are native compounds of 
jresin and benzoic acid. They issue from in- 
cisions made in ihe trees, which contain them, in 
fbe same manner as turpentine from the fir. 

06s. — Some of the balsams, asstorax and benzoin, are solid; 
while others, as the balsams of Telu and Peru, &c., are fluid. 

> Q. What are the gum resinsi 

A. The gum resins are the concrete juices- of 
certain plants, . and consist of resin, essential 
oil, gum, and extractive vegetable matter. The 
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two former principles are dissolred bj alcohol, 
and the two latter in water. 

03f. — Under the class of gum resms are comprehended' 
several valuable medicines; «• |r*» aloes, ammoDiacum, 
aanfeetida, euphorbiam, galbanum, gamboge* mynrh» acam* 
mony, and guiacum. 

Q. What is eajomtchouc 9 

A. CaoutchouCy commonly called elastic gtim 
or Indian rubber, is the concrete juice of the 
hevea caoutchouc Kadjairopha eloiiica, natives 
of South America, and of the Jicus Indica^ and 
artocarptis integrifoliaf which grow in the East 
Indies. 

Q. What are its properties f 

A* It is a soft yieidino^ solid, of a whitish 
colour when not blackened by smoke, possessing 
considerable tenacity, and is particularly re- 
markable for its elasticity. It is inflammable, 
and burns with a white light. When cautiously 
heated, it fuses without decomposition. It is 
insoluble in water and alcohol ; but it dissolves, 
though with some difficulty, in pure ether. It is 
sparingly dissolved by the alkalies, but its elas- 
ticity IS destroyed hj their action. It is decom- 
{>osed by the nitric and sulphuric acids, the 
brmer causing a deposition ofcharcoal, and the 
latter a formation or oxalic acid. It is soluble 
in the essential oils« in petroleum and in 
cajeput oil, and may be procured by evapora- 
tion from the two latter, without ' loss of its 
elasticity. 

Wax. — Wax partakes of the nature of fixed 
^oil ; it is an abundant vegetable production, en- 
tering into the composition of the pollen of 
flowers, covering the envelope of the plumb and 
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atfafer fruit, e^ecially the berries of t!ief»^rt'ca 
eeriferaj and in many instances forming a kind 
ef varnish to the surface of leaves. From this 
circumstance it was long* supposed that the wax 
is solely of vegetable origin, and that the W9UC 
of the honey-comb is derived from the flowers 
Qnly J but> from the observations of .Huber, itr 
appears that it must likewise be regarded ^s an^ 
animal product, as he found bees to deposit waxr 
though fed 01^ nothing but sugar« 

Ob9. — Commcm wax is always more or lets coloured, and 
has a distinct peculiar odour, of both tirhich it may be deprived 
by exposure in thin slicea to air, light, or moie speedily by the 
action of chlorine. It is insoluble in water, and is only spar* 
ingly dissolved in boiling albohol or ether, It is readily 
attacked by the fixed alkalies, being converted into £^soap, 
which is soluble in hot water. It unites by th^ aid of heat in 
every proportion with the fixed and volatile oils, and with 
resin. With different quantities of oil it constitutes the 
liniment, ointment and cerate of the Pharmacopceia. Its 
specific gravity is 0.9^« At about 150° F., it enters into 
fusion, and boils at a high temperature. It is employed also 
for making candles, as it burns with a clear white light. 

•4^^ According to John*s observations^ wa;c cpnsists of two- 
di£ferent principles, one of which is soluble, and the other in- 
soluble in alcohoU To the former he has given the name of 
c€rint and to tl^e latter myricin. 

Alcohol. — Alcohol is the inebriating ingre- 
dient of all vinous and spirituous liquors. It is 
the product of the vinous fermentation. It is a 
colourless elastic fluid, of a penetrating odour, 
and burning taste. It is highly volatile, boiling, 
when its density is 0.820, at the temperature of 
176® F. According to Gay-Lussac, the specific 
gravity of its vapour is 1.613; Like volatile 
liquids in general, it produces a considerable 

h 
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degfree of <H>ld doring Hs trmofnXi 
fluids, it is the (mUt one wbkm has i 



tioo. or all 
not hitherto 
been concealed* It is hirid^ i a fla nun aMc, and 
burns with a lambent yellowish blue flame. It 
unites with water in erery proportion. 

Obi.'-^Of the iriifiaUe bnn, aloobol ilooe can diMolve 
potaaa* loda* iidiia« ammmim, and the vegetable alkalies. AH 
the nlti wfaidi aie eftber inaoh^Iet <x i|iariQgIy sc^dble in 
water» are faiaolohk m alcohol. The efflovcKent salts aie» like- 
wise^for the most part ioaolobttt in this meMtfoara; trat. on the 
oootraryt it is capable of dissolving all the dsliqiioiffnt salts* 
ttoept the caibonata of potass. Many of the vi^getahle praa- 
ciplesy as siigar, maana, oaosphor, nnna» belsauH* and the 
psipntitil oilsp aie soluble in aloohol. 

Alcohol is inferred to consist of 

Carbon - - 12 2 atoms - - 52.17 

Oxygen - - 8 1 atom - - 34.79 

HjOTOgen - S 3 atoms - - 13.01 

23. 100,000 

These numbers are in sucb proportion, that 
alcohol may be regarded as a compound of 
fourteen parts, or one atom of olefiant gas, and 
nine parts or one atom of water. 

Ethef*— "The word ether was formerly em^ 
ployed to designate the volatile inflammable^ 
liquid formed by heating a mixture of alcohol 
and sulphuric acid ; but the same term has since 
been extended to sever&I other compounds, pro-i 
duced by the action of acids on alcohol, and 
which from their yolatility, and inflammability^ 
were supposed to be identical or nearly so with 
sulphuric ether. It appears, howeirer, from the 
researches of several ctiemists, thi^t ethers, diough 
ftnalogbus in the leading properties, frequentiy 
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4iff<^ both ia^coinpositioii tod in ike mode of 
formation. — Mem. cTArcueily y oh i. iU . . 

Sulphuric Ether is a colourless fluid, of a hot 
pimg^ent taste» aad. fragrant odour. Its specific 
gravity in its purefitSirm* is about O^TOO, or 
j^ccordiii^ to Loyeby, 0.632 ; but that of the 
shops is &74. 

03*.*^iJttier combities with alcohol in every proportioir, 
but is spariogly soluble ia water. It is highly inflammy^le, bunf. 
ing with a blue flame^ and formation of water and carbonic 
'Add. 

Nitrous E^Aer.— This compound is prepared by 
distilling a mixture of concentrated nitric acid 
in an equal weight of alcohol ; but as the 
reaction is apt to be exceedingly violent, the 
process requires to be conducted with extreme 
care* 

Obs. — The nitrous ether agrees with sulphuric in its leading 
properties 5 butis still more'volatile. 

Acetic Ether. — ^This is analogous in composition 
to the preceding, and is formed' by distilling 
acetic acid with an equal weight of alcohol. 

Ob$. — Accprding to Thenard, the acetic is the only vege- 
table ether^ which forms ether by being heated alone with 
alcohol. 

Muriatic JB^Aer.-^^Thisv compound, prepared by 
distilling a mixture of concentrated muriatic acid 
and pure alcohol, was supposed by Thenard ta 
be analogous in composition to nitrous ether. 
It appears, boweyer, by MM. Robiquet and 
Cotin, -that it consists, of muriatic acid. and. the 
elemlenl^ of olefiant gas, consequently quite free, 
from oxygen* 

-Byifn^c Ether, first prepared by 6ay« 
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luasac, appears to be sinular in composition to 
muriatic ether. . 

Bituminous SuB8TANCBs.-«-Under this head 
are included several inflammable substances, 
which though of a vegetable origin, are found 
in the earUi. These maj be conveniently ar- 
ranged under the two beads of Bitumen and 
Pit*coal« 

The JFirstf or bitumen, comprehends naptha, 
petroleum, mineral tar, mineral pitch, asphaJtum, 
and retinasphaltum, of which the three first 
mentioned are liquid, and the others solid. 

The Secondf or pit-»coal, comprises brown 
coaly the different varieties of common ot black 
coal, and glance coal. (See Thomp$on*8 Jin. 
Phy. vol. XV.) 



CHAPTER XXXVII, 

SUBSTAffCES WHOSE OXYGEN ANP HYDROGEN 
ARE IN EXACT PROPORTIONS POR PORMING 
WATER. 

' SuoAR.-—Sugar is a vegetable product, exist- 
ing abundantly in several ripe fruits» though fe>v 
otthem contain it in sufficient quantity for being 
collected. The Juice of the American maple 
tree is so poweclully saccharine, that it may be 
applied to many useful purposes. In Frcmce 
and Germany, during the late war, sugar was 
prepared from the beet-root; And Proust 
extracted it in Spain from grapes. But that, at 
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present u^ed in Europe^ is obtained from tb^ 
sug'ar^ane {Arunda saceharifera)^ Ivhidh con^i 
tarns it in greater quinltity tban any' other 
plant* 

Molcutses.-^The sacchdrine principle of treacle 
has been supposed to be diflFerent from crystalliz- 
able sugar ; though probably it consists of com* 
mon ^ugar^ prevented from drystallizinff by 
the presence oif foreign substances, sucn us 
saline, acid, and other vegetable matters. The 
sugar procured from grapes, has the ^ essential 
properties of common su^ar; and that obtained 
n*om beet-root, appears identical' with commoi^ 

Jjb»€y.— According to Proust, honey contains 
two kinds of saccharine matter, one of which! 
crystallizes readily^ and is analagous to common^ 
sugar, while the other is uncrystallizable* It 
contains also mucilaginous colouring, andr 
odoriferous matter, and probably a vegetabld; 
acid. 

JIfanna.'— This is the concrete juice of several 
species* of ash, particularly the Fraxinus ornus^ 
The sweetness of manna is owing, not to sugar, 
bilt to a distinct principle, called mdnnite, which 
4iffers from sugar, in not fermenting whenthixed 
with water aiioyeast. 

. IStarch or PucvhX.'^.dmidine. Starch exisiji 
abundantly in the vegetable kingdom; and i$ 
one of the principal ingredients of most varieties 
of grain, of some roots, such as the potato, aiid 
the kernels of liguminous plants. 

03«.— The Indian htronf-roof^ prepared from the root of 
the Maranta arundinaceat has tdl the characters of jpure 
starch. Sago, obtained from the pifh of aii East Indian palm' 
tne fCycat circinalis)^ aadtapidtsa, front the root of th^ 
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f^trcpkA Mmikoij ut chwfiierfly flit mm riiWlinct. TlMy 
Miexkt lit tiie pkali Aoia which ttey toe eitnelcdw Iht 
fona of Hafcfa; but as hill ii enployed in their prqiai«tioe« 
the ilaich is more or leu' oomplelely conTerted into amidine' 
Salop^whea obtained bom^OfeAii nuuada, wosuA alnxMl 
fntirely of the tubttaaoe called 6assorm, with a mall quantity 
of gum and starch* 

Girif.-*-Thi8 b a common nroximale principle 
of vegetables, and is not confined to any particu- 
lar part of plants. The purest rariety of this 
substance is tlie gum Arabic, the concrete juice 
if the several species of the mimosa or acocto, 
natives of Africa and Arabia^ . 

06t, — Besides gam Arabic^ theie are a variety df wdt- 
flaarl^ed gums^ especiafly the gum tnmgacanth» the gum of the 
cherry-tree^ and the mucilage from linseed. All these varieties* 
though distinguishable from one another by some peculiarity, 
have the common chaiacter of'yidding ttie saccfaolactic hf 
iit action of nitric acid. (See Dr. Bdstotk in NicholtokU 
Jbama/* vol. xviil.) 

t^* The substance called vegetable jeUy^sA derived' from 
the currant, appean to be a mucilage of some other modifica- 
tion of gum combined with vegetable acid. 

r LioNiN. — ^The yooody fihrej or /touts, consti^* 
ttttes the fibrous structure (tf vegetable subatances,' 
and is most abundant in pllints. The differeiflr 
kinds of wood contain about 96 per cent, of UaiAn* 
If it prepared by di^eMingc the sawings of an^ 
kind of wood successively m alcohol, water, ancb 
dilute muriatic acid, until all the substance* 
soluble in these menstrua are removed. 

03«.<^When lignm is heated in close veMels, it yieldk a 
large quantity of impure acetic f^d (pyrolignepus acid) and- 
charcoal if great purity lemaias in the retort Digested in* 
fl^itric acid, lignif^ is converted into the osaiict muiiCf 9mh 
acetic acids. ^ ^. 
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CHAPtEE XXXVm. 

The foHoynn^ substances, as far as hitherto 
knoTTir^ do not belong to either of the preceding^ 
chapters. 

CoiouRiNO Matter,— There exists in the 
eolour of vegetable substances an infinite diver- 
si ty of matter ; but the prevailing . tints are red, 
jellow, blue, and ^reen, or a mixture of thc^e 
colours. Nearly all kinds of vegetable c6lour* 
iiig matter are decomposed by the agency of the 
siin's rays and a moist atmosphere, and mej are' 
all without exception destroyed by chlorine. 
Acids and alkalies commonly change the tint of 
re^etable colours, entering into combination 
wren them to form compounds. Several of the 
metallic oxides, and especially alumina, and the 
oxides of iron and tin, form^ with colouribj^ 
matter, insoluble compounds, to which the name 
of lakes is applied. Lakes are commonly ob- 
tained by mixmg alum or the muriate of the 
Seroxide of tin with a coloured solution, and 
len by means of an alkali precipitating the oxide 
whrcfa unites with the colour at the moment of 
Reparation. On this property are founded many 
ef die processes in dyeing and calico printing. On 
this^suoieet the reader c&sirouis of obtaining the 
(mrticular details^ may consult BerihoUei^s Ele^ 
mmts dt la Teintute ; Dr. Bancroffs Treofise 
oApemumnni (!^l4mr8 ; a Paper by Mr. Henfp^ 
in the Manchester Mem&ir»j vol. iii. ; Thenard 
and Roard'^ Es^y^ in voL 74 of the Aimalek de 
Chimie, 
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Tannin. — ^This substance exists abundantly in 
the excrescences of several species of the oak, 
called gall-nuts; in the bark of most trees; in 
some inspissated juices, such as kino and cate- 
chu; in the leaves of the tea-plant, sumach, 
whortleberrj, and in all astringent plants, beinjg 
the chief cause of the astringency of vegetable 
matter. It is frequently associated with gallic 
acid, as in ff all-nuts, most kinds of bark* and in 
tea ; but inliino, catechu and cinchona bark, no 
gallic acid is present, 

• 06i. — ^ThenottoharaeiaristkspiopeityaftaoniDisitBacte 
QDB«aUofiioaandaflQlutioDofgentj|iiiiie. WiOitb^pfraxids 
of iron, or better still with the protoxide and peroxide mized« 
t^nnia forms a bUck-coloured €oaipouDd» which, with ibtt 
^ItoteofiroD, ooostituies the basis of writing ink and the black 
dyes. Artificial tAnnin» an inteiestiDg stfbstsaicc^ was disco* 
yeied upwards of twenty yean ago by Mr. Hatchet, who gav^ 
a full account of it in the Philosophical Transaetions for 180$ 
and 1806. The best method of preparing it is by the action of 
nitric acid on charcoal. It may also be generated by the action 
of pure nitric acid, both in animal or vegetable charcoal, 
and on.pit-coal»asphaltum, jet» indigo» common xesin» and 
several other resinous substances. It is also prepared by heating 
common resin, elemi, aasafoetida, camphor, iMtkams, &c., 
fiist with sulphuric acid and then with alcohol. 

Gluten, Yeast* VeobtabLe Albuhbn.**^ 
Gluten is procured by a similar process to that 
for preparing starch* It is present in moat kinds 
of erain, such as wheaty barley, rje, oats^peaS 
ana beans ; but the first contains it in the largest 
prbportion ; and this is the reason that ftheaten 
pread is more nutritious than that made with 
most other ki^ds of flour. 

X)h.'-^'S/L, Taddey, an Italian chemist, has succeeded in ob« 

aining two distinct principles from gluten, to one of which h« 
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las given liie name of gliadine, from *y\et, gluten f an^to the 
other that of jr^f^iome, ^vfAifj^ a ferment. — Ann, cfPML vol. xvt 

Gliadine is a brittle, slightly ^ansparent sub^ 
stance, of a yellow colour, and a sweetish bal- 
sam taste. Its smell, in the cold^ is like that of 
honey-comb ; but when heated, it emits an odour 
similar to that of boiled apples. 

Zymome is a tough hard substance, but does 
not possess the viscidity of Huten. It is inso- 
luble in water and alcohol ; out is dissolved in 
vinegar and the mineral acids by the aid of heat ;- 
and forms a soap with pure potassa. 

Yeast. — ^This substance is always generated 
during the various fermentation of vegetable 
juices and decoctions, rising to the surface in the 
form of a frothy, flocculent, somewhat viscid 
matter, the nature and composition of which are 
unknown. Its most remarkable property is that 
of exciting fermentation^ 

Vegetable Albumen. — There are vegetables 
which contain a substance coagulable by heat, 
and which is very analogous to animal albumen* 
or curd. It was detected in the bitter almond 
by Vogel ; in the sweet almond by M. Boullay,. 
andprobably exists in most of the emulsive seedk« 
— w^na/5 ofPhiloB. volvxii. p, 39* 

Asp A RA6iN.-*-A principle discovered by MM. 
Yauquelin and Robiquet m the juice of the aspa« 
ragu$9 from which it is deposited in crystals by 
evaporation. — Ann. de Chimie^ vol. lvii« " 

Bassorin. — First noticed in gum Bassora by 
Vauquelip 
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CAFFEiif^^-This principle was discovered ia- 
coffee bj BL Robiquet m the year 1^1, and 
was soon after obtained from the same source bj 
MM. Pelletier and Caventou. 

Cathartin. — ^A name applied bj MM. Las^ 
sugne and Feneuille to the active principle of 
senna. — An. de Ch. et de PkiL vol. xn. 

FuNGiN. — A name g^iven bj M. Branconnot to 
the fleshy substance of the mushroom, and is pro^ 
cured in a pnre state by digpestion in hot water/ 
to which a little alkali is added. It is nutritioas' 
in a high degree, and in composition is very 
analogous to animal substances. 

SuBERfN. — A name applied by M. Chevreul to 
to the cellular tissue ot the common cork, the 
outer bark of the cork oak (quercuM rub^J. 
Suberin differs from all the other vegetable prin* 
ciples by yielding the suberic when heated by 
nitric acid. 

. Ulmiit, discovered by Klaproth, is a sub^' 
stance which exudes spontaneously from the elm, 
oak, chesnut, and otner trees ; andaccording to 
Berzelius is a constituent of most kinds of bark. 

LupuLiN is the name applied by Dr. Ives, to- 
the active principle of the nop, but which has not 
yet been obtained in a state of purity. 

* 

Inulin is the white starch-like powder spon-: 
taneously deposited from a decoction. of the roots* 
of the Inula helenium^ or elecampane. 

Medullin, the name given by Jolm to the^ 
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pitb-of tiie sun flower; th<ra^ its existence as an 
independent principle is rather dubious. The 
term pollenin has been applied by the same 
chemist to the pollen of tulips. 

PiPERiN. — A name applied to a white crys- 
talline substance extractea from black-pepper.-*- 
Pelletier, in An. de Ch. et de Phil, vol. xyu 

OLiviLBd — ^A peculiar substance, when the 
gum of the olive oil is dissolved in alcohol, and 
tne solution is allowed to evaporate spontaneous- 
ly, apparently different from the other proximate 
Principles bitherto examined, is deposited in 
attened needles, or as a brilliant amylaceous 
powder. To iltis M. Pelletier has given the name 
of alivile.'-^n. of Phil. vol. xii. 

SiiRCocoLL. — ^The concrete juice ot the penoea 
sarcocalloy a plant which grows in the northern 
parts of Africa. 

Rhubarbin. — The name employed by Pfalf 
to designate the principle in which the pur^a- 
tive p|roperty of the rhubarb resides. The active 
principle of this plant is regarded by M. Naniel 
of Milan as a vegetable alkali ; but he has not 
produced any proof of its alkaline nature. — Jour. 
c[f Science, vol. xvii. p. 172. 

CoLOCYNTiN.— The name employed by Vau- 
quelin to a bitter resinous matter extracted from 
colocynth, and to which he ascribes the proper- 
ties of this substance. — Journal of Science^ vol. 
xxiii. p. 400. 

Bitter Principle.— A name formerly ap- 
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Klied to a sulisteiice supposed to be common to 
itter plants, and to be the cause of their pecu- 
liar taste. 

Ods, — ^Tbe recent diicoveriei in vegetable chemistry bave 
not shown that the bitter principle can no longer be regarded 
as an uniform and unvarying principle. For instance, Ibe 
btttemeis of the nux vomica is owing to strychntne, that of 
opium to fnorphinet and that of cinchona bark .to dnchonine 
and quinine. The cause of the bitter taste in the root of the 
squill is different from that of the hop or of gentian. The term 
bitter principle^ thererore» ought to be abandoned. 

Extractive Matter.-— If applied to one de- 
terminate principle supposed to be the same in 
f)lantSy this expression is no less vague than the 
oregoing* It is indeed true that most plants 
yield to water a substance which differs from 
gum, sugar, or any proximate principles of ve- 
getables, which therefore constitutes a part of 
wh$it is called an extract in pharmacy, and which 
for want of a more precise term, may be ex- 

Eressed by the name of extractive. It should, 
owever, be remembered that this matter is 
always mixed with other pro;i:imate principles, 
and that there is no proof whatever oi its being 
identical in different plants. 

Ex, — A solution of saffion in hot water, said to afford ex- 
tractive matter by evaporation, contains the colouring matter 
of the plant, with all the other vegetable principles of saffix>n, 
which happen to be soluble in the menstruum employed. 
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Q. What are the terminations of spontaneous 
changes of vegetable matter f 

•^« The spontaneous changes of vegetable 
matter sometimes terminates in the formation of 
sugar, at another time in that of alcohol, at a 
third in that of acetic acid, and at a fourth in 
tlie total dissolution of the substance — hence the 
division of the four above distinct kinds of fer- 
mentative processes. 

Q. What are the substances known to be sub* 
jject to the process of fermentation ? 

•^. The onlj substance known to be subject to 
the fermentative process is starch. 

Ejp. — ^Whea gelatinous starch, or amidine, is kept in a 
moist state for a considerable length of time, a change giadnally 
easues, and a quantity of sugar, equal to about half the weight 
of the starchy is generated. The germination of seeds, as exem- 
plified in the malting of bailey, is likewise an instance of the 
saccharine fermentation 3 and the ripening of fruits has also 
been regarded as an example of it ; especially since some fruits, 
such as the pear and apple, if gathered before their maturity, 
become sweeter by keeping. The opinion, howaveiv of 
Proust is, that the process of ripening appears to consist in the 
convenion, not of starch, but of acid into sugar. 

^ • 

Q. What are the conditions required for es« 
tablishin^ the vinous fermentation ¥ 

^» These conditions ar^ four in number, 
namely, the presence of sugar, water, yeast, and 
a certain temperature. 

Q. What is the best mode of studying . this 
prooessf 

.4. The best mode of studying this process^ 

' so as to observe the phenomena, and determine^ 

the nature of the change, is to place five parts 

of suffar, with about twenty pf water, in a glass. 

flask furnished with a bent tube, the extremity; 



FIRST lilNES or €HBMII|TRY« 881 

of. which opens under an inverted Jar lull ^of 
water and mercury ; and after adding . a little 
yeast, to expose the mixture to a temperature 
of about 60" or 70" F. In a short time bubbled 
of gas begin to collect in the vicinity of the 
yeast, and the liquid is soon put into a brisk 
motion, in conseq^ience of the. formation dnd 
distension of a large quantity of gaseous mat^ 
ter; the solution becomes turbid, its tempera- 
ture rises, and froth collects upon its surface^ 
Affcer continuing for a few days, the evolution o{ 
gaa begins to abate, and at length ceases aU 
together ; the impurities OTadually Biibside, and 
leave the liquor clear and transparent. 

Oh, — ^Th6 only appreciable changes found to have takeii 
place during the above process, are the disappearance of the 
sagarand the formation of alcohd, which regains in the flask, 
and of carbonic acid gas, ^hich is collected in the pneumatic 
apparatus. ' 

Q. KVhat is meant by the acetous fermenta^ 
tion? 

,^. The acetous fermentation consists in th^ 
conversion of alcohol, &c,, into acetic acid, 
e. g. When any fluid has undergone the vinous 
fermentation, or even pure alcohol, diluted 
with water, is mixed with yeast, and exposed in 
a warm place to the open air, an intestine move-J 
ment speedily commences, heat. is developed, 
the fluid become^ turbid from the deposition oi 
a peculiar filamentous matter, oxygen is ab- 
soroed from the atmosphere, and caroonic acid 
is disengaged. After a certain time, these, 
changes cease spontaneously; the li5[Uor be-* 
comes clear, and instead of alcohol, it is now 
found to contain acetic acid. . . ' 
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0^#.-«-The vmooB may easily termioftte in the aoetois fer- 
meotatioD. The latter is conducted on a laige scale for 
yielding the common vinegar; wbicb» thai oUainedy always 
holds in solution a large quantity of mucilaginous and other 
vegetable matters* the presence of which lendenHt liable to 
several ulterior changes. 

Q. What is implied by the putrefactiFe fer* 
mentation 9 

A. Bj the putrefactive fennentation is implied 
a process unattended with the phenomena which 
accompanies the saccharine, the vinous, or ihe 
acetous fermentations, but during which the 
acetous matter is completely decomposed. 

Q. What are the conditions requisite to en-< 
able the putrefactive process to ^o on ? 

A^ Moisture, air, and a certain temperature, 

0^5.—- The air cannot be regarded as absolutely necessary, 
since putrefaction is found to be produced by the concurrence 
of the two other conditions only ; though doubtless the pro<» 
cess is materially promoted by free exposure to the influence 
of the atmosphere. 

Q. Are ^ all^ proximate principles equally 
liable to this kind of dissolution % 

A. No : substances in which charcoal and 
hydrogen prevail, such as the oils, resins, and 
alcohol, do not undergo the putrefactive fer- 
mentation ; nor do acids, whicn contain a con- 
siderable excess of oxygen, manifest any ten- 
dency to submit to this change. 

Q. What are the substances most disposed to 
utrefy ? 

A. Those substances alone are disposed to 
putrefy, the oxygen and hydrogen of which are 
in proportion to form water ; and such in par- 
ticular as contain nitrogen \ among which, how«« 
ever, a singular difference prevails. 
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Jgjr.— Calfein evinces no tendency to spotataneoui deeom- 
position, while glaten* which certainly must cmitain a lest, 
proportional (joantity, putrefies with great facility. 

M«.*— Those substances, the texture of which is most loose' 
and soft, foeiag, cmitHs paribus^ the most liable to spon- 
taneous decomposition* 



CHAPTER XL. 



ANIMAL CHfiMIStRY. 



This branch of chemical science embraces ail 
distinct compounds derived from the bodies of 
animals, and these are called proximate animal 
principles. 

Q. How are these substances distin^ished 
from inorganic matter ? 

•/?• They are distinguished froni inorganic 
matter by the characters which belong to the' 
latter, namely, inorganic chemistry ittciudes the 
doctrine of amnity, and the laws otcombinatiod»- 
together with the chemical history of all the ele- 
mentary principles hitherto discovered, and of 
those compound bodies which are not the pro« 
duct of organization. 

Q. What are the circumstances which serve 
to disting'uish proximate animal principles from 
vegetable matter? 

A. The principles which serve to distingfuisb 
the former'from the latter are, the presence of 
nitrogen, their strong tendency to putrefy, and 
the highly offensive products to which their 
spontaneotis decomposition givefis rise. 
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• OlA#^-4t thoddiievertlidaM be bone io mind, tiiatnitrogeD 
is likewiM a ooDitittient of ttany vegetable nibetancei: though 
few of these, the vsgeto-AOiaiftl principles e«sepled, aie pioiie 
to submit to the proceis of patrefactive fennentatioa^ it is 
ecpudly lemariuible^ that there are compounds of animal ongia^ 
such as chloreitine and tiie oils, which do not contain nitrogen 
as one of their elements, still they aie not disposed to putrefy. 

Q. What are the essential constituents of ani- 
mal compounds ? 

^. The essential constituents of animal com- 
pounds are carbon, hydrogen, oxjg^en, and ni- 
trogpen. Some of them also contam phosphorus, 
iron, sulphur, and earthy and salipe matters in 
small quantity.' 

'0^#.-*-^Ali'tbepioximaieabimhl principles' contaih a Istge 
quantity of carbon, and their hydrogen is in such propcMrtiotf 
8S' to convert all their oxygen into water, and their nitiogeo 
into ammonia, 

« « • • • , 

Fibrin.— Q. What is fibrin? 
r vf* Fibrin is one of those aniinal substances, 
iprhich is neither acid nor oleaginous. It en- 
ters largely into the coo^position of the blood* 
^pd is me basis of the muscles : it may coi^ 
sequently be regarded as one of the most 
abundant of the animal principles, 
^ Q, How is fibrin procured ? 

A. Fibrin may be easily procured bv stirripg 
recently drawn blood with a stiqk during its 
coagulation, and then washing the adhering 
fibres with water until they are perfectly white./ 
It may also be obtained by removing the so^ 
kible parts from lean beef, out into small slices, 
by digestion in several successive portions of, 
water. 

Q. What are the properties of fibrin? , 
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\S% Fibf iti is solid, white, and inodoroiuk It 
is aomewhat elastic wben moist, but on> dicing 
it becoDMS hard, brittle, and semi-transparent 
br a moist warm situation it readily putrefies^ 
It is insoluble in water at common temperature^ 
and is dissolved in very minute Quantity by the 
Qontinued action of boiling water. Alcohol^ 
of density 0.81, converts it into a fatty adipo* 
cirous substance, which is soluble in .alconol 
and ethe]% but is precipitated by water, &c. 

06s. — ^The action of acids on fibrin has been piurticulady 
ctesiaibed by Berc^liua. (See Med, Ckirug, Trans, vpU. iii. 

. Albumen. — Q. Describe the nature and proi* 
perties of albumen f 

Jl. like fibrin, albumen is neither an acid *' 
nor an oleaginous substance. It enters largely 
into the composition of animal fluids and solidsl 
Dissolved in water it forms an essential con? 
stitilent of the serum of the blood, the liquor of 
the serous cavities, and the fluid of dropsv ; audi 
in a solid state, it is contained in several of the 
textures of the body, such as the cellular mem- 
brane, the skin, glands, and vessels. Hence it 
Itppears that albumen exists under two fprms, 
liquid and solid. 

Q. How is liauid albumen best procured? 
. J. Liquid aloumen is best procured from the. 
white of eggs, which consists solely of this prin- 
ciple, united with water and free soda, anii 
mixed with a small quantity of saline matter. , 

O^f.— Liquid albumen is coagulated by heat, alcohol, and 
tke stronger acids. It is pnrecipitated by sbvenl re*agents, 
^spedatiy by metallic salt&. It coqgukates without afqpeariog 
to undergo any decomposition, &c. 
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GjBLATiif B.^^-Q* Whei*e doM gelatine exmt i 
Ji. Gelatine exists abimdantlr in manjoftfae 
solid parts of the animal boaj, especially in 
th<$ skin, oartilaj^esy tendons, membranes, and 
bones* 

0^jr.-^AcconiiDg to Beizeltus, gektine is not contained in 
any of the healthy animal fioidB ; and Dr. Boetock, with 
mpect to the bhx>d» has demonitmted the accoracy of this 
ttatement. 

Q. Hoir IS it distinguished from other ani« 
ttial principles f 

A. Gelatine is distinguished from all other 
animal principles by its ready solubility in boil*> 
ing water, and by the solution forming a bulky 
semi-transparent, tremulous jelly as it cools. Its 
tendency to. gelatinize is such, that one part of 
gelatine', dissolved in 100 parts of water, * be- 
comes $olid in. cooHng. . 

O^^.—This jelly is a hydrate of gelatine, and <:ontains so 
much water, that it readily liquefies when warmed. On ex- 
pelling the water by a gentle heat, a brittle mass is left, which 
tetains its solubility in hot water, and may be preserved for 
any length of time without change. Jelly, on the contrary, 
soon becomes acid by keeping, and then putrefies. 

•^* The common gelatine of commerce is the well-knowi^ 
bement called gluCf which is prepared by boiling cuttings of 
parchment, or the skins, ears, and hoofs of animals, and 
evaporating the solution. Isinglass, the purest variety of 
gelatine, is prepared from the sounds of fish of the genus 
0cipenser^ especially from the sturgeon. The animal jelly 
of the confectioners is made Irom- the feet of calves, the teu" 
dinous and ligamentous parts of which yield a large quantity 
of gelatine. 

Gelatine is insoluble in alcohol, but is dis*^ 
solved readily by most of the diluted acid^. 
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which fom an excellent solvent fop it^ alsohy 
the liquid alkalies, and the solution is. not pre- 
cipitated by the acids. The best pceoipitata for 
it IS tannin, 

Urba.— Q. How is pure- urea procured? 

A* Pure urea is procured by evaporatinff^ 
fresh urine. to Ihe consistence ot a sjrup»: ana. 
then gradually adding to it^ when quite cold» 

Eure concentrated nitric acid, till the wh6le< 
ecomes a dark-coloured crystallized mass^ 
which is to be slightly washed with cold water» 
and then dried by pressure, between two folds, 
of bibulous paper. To the nitrate of urea pro^. 
cured in thii^ manner, a pretty strong solution 
of the carbonate of potassa or soda is added, 
until the acid is neutralized, and the solution 
is afterwards concentrated by evaporatiotti, and 
set aside that the nitre may separate in crystals* 
The residual liquid, which is an impure solution 
of urea, is made up into a thin paste with animal, 
charcoal, and is allowed to remiain in that state 
for a few hours. The paste is then mixed with 
cold water, which takes up the urea, while the^ 
colouring matter is retained by the. charcoal ; 
and the colourless solution is evaporated to 
dryness at a low temperature. The residue 49. 
then boiled in pure alcohol, by which the urea 
is dissolved, and from which, on cooling, it is 
deposited in crystals (Proust J ^ 

05s. — ^Urea is decomposed by the pure fixed alkalies and 
alkaline earths, especially by the aid of heat, carbonate of 
ammonia being the chief product. (For an account of its pro« 
p(3lies» see Proust in MedicO'Chirug, Trans, vol, viii. 
p. 529.) 
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. Sugar of Mii«iu--«£kigar of mUk in the 
sacdiarine priaeiple of the milk oblained ttm^ 
whej^ by evaporatiw that liquid to the eon« 
sistence of syrup, ana allowing it to cool. It 10 
afterwards purified by means of albumen and a 
second crystidlizatioo. Like starchy it is con« 
fWtible into real samr by being boiled in water, 
and aciduhiad wi& suiphuric acid. It has a 
sweet taste, tboujrii less so than the sugar«caae. 
H is not susceptiDle of the vinous fermentalieflu 
U jields the saceholaotic acid, which distinguishes 
the saecharine principle of milk from every other 
species of sogar. It contains no nitroffeo^ and^ 
according to Oay«*Lussac and Thenaro, is very 
analagous in the proportion of its principles to 
oommon sugar* 

Sugar of Diabbtes.— In the disease called 
diabetes mellitus, the urine contains a peculiar, 
saccharine matter,, vdiicb, when properly purified, 
alppears identical, both in properties and com* 
position, toTCgetdble suffar, approaching' nearer 
to the sugar of grapes tinan to that of ue cane*. 
Dr. Proust discovered in it a minute proportion, 
of nitrogen; though* it is probable this gas 
originated in some animal matter derived.from. 
the urine. It is obtained by evaporating^ in an 
irregular crystalline mass by evaporating diabetic 
urine to the consistence of syrup, and keepinjg it 
in a warm place for several days. By repeated 
crystallization it is rendered quite pure. (Prousi.) 
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CHAPTER HUh 



ANIMAL ACIDS. 



Sevehal acids are met with in aninkal bodies 
such as the suIphuHc, 'mturiafic^ piidsphone, 
aqetiCf &c.| wliicn belong e(][aally to the-srinltal 
or yeffetable kiDgdom, which l]iav^ been des^ 
cribedin another place. Under this ^ bead are 
included only such: acids as^kre supposed to be 
peculiar to animal bodies. . 

1. Uric or Lithic Acid. — ^A common constitineivt 
of urinarj and ^outj concretions, and is alwi^s 
present in heaRhy urine/ combined with am* 
monia or some other alkali. 

Ob 8. — ^The urine of birds of prey, such as the eagle ; and id 
the boa-constricior, and other serpents, consists almost jiol^y- 
of urate of ammonia, from which pure uric acid may be pro- 
cured by a very simple process. P^ro-uric acid is generated 
by exposing uric acid to heat in a retort, in which also the 
catbdnate and hydrbcyanate of ammonia are formed. -(See 
Dp, Henry ^ and MM"* GhevdUer and Lassaigne, in A'tin. 
flf P;ii/. ToL xvi.)- . . 

2. Purpuric Acid. — A compound first recog- 
nised as a distinct acid~^ by Dr. Proust, and 
described by him in the Philosophical Trans- 
aetions for 1818. It is prepared by digesting' 
pure uric acid from the urine of the* boa-con- 
strictor, in dilute nitric acid, when the former is. 
dissolved with eflfervescence. 

3. Rosacic Acid. — A name giyeti by Dr. Proust 
to a peculiar acidy supposed to exist'in thefed 
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matter, commonlj called bj medical prac- 
titionerSy the lateriii^ms iedimeni^ deposited from 
the urine in some stag^es of fever, 

4. Formic Acid^r^A distinct compound, ex- 
tracted from ants. 

5. Lactic Acid. — ^This acid, although described 
by Berzelius, and found by him in sour milk and 
in many animal fluids, has never bQen demonstrat- 
ed in a satisfactory mamier. Berzelius himself 
now admits it to be acetic acid disgaisedby animal 
matter — an opinion confirmed Hby Tredemann 
aud Gmelin, in their experimental Essay (m 
Digestion. 

AmtAoiie Addr-^A weak acid, discovered by 
Burneva and Vauquelin, in the liquor of the 
amnios of the cow. 

« 

^»* Several other acicU* as the 9tearic» oleic» maigarics 
&c might be mentioned here; but which will, from bein^ 
so closely allied to the fotty principles to which they are 
derived, be more oonveniently alluded to in the following 
section. 

ANIMAL OILS ANO FATS, 

1. Train Oilf is obtained by means of heat from 
the blubber of the whale, and is employed ex« 
tensively in making oil gas, and for burning in 
common lamps. 

2. Spermaceti Oil. — This is obtained from an 
oily substance lodged in a bony cavity in the 
head of the Physeter macrocephaJuB, ox sperms 
ceti whale« 

3. Animal Oil o^ Dippel. — ^A limpid vola-*. 
tile oil, entirely dinerent from those above-men* 
tioned, and is a product of the destructive dis- 
tillation of auimal matter, especially of albumin^ 



FIRST LINES OF CHEMISTRY. 241 

ous acid, gelatinous substances, &c. It is now no 
longer employed in medicine. 

4. Hogr Lard and Suet. — ^The most common 
kinds of fat, which differ from each other chiefly 
in the degree of consistency. 

0^«.-— Both theae kinds of fat, as well as train and sperma- 
ceti oil, cpnsiit almost entirely of stearine and ela'ine^ ai^d when 
converted into, soap, undei^ the same change as the fixed oils, 
yielding margaric and oleic acids, and the mild principle of 
oils called glycerine^ 

Stearine is the chief ingredient of suet, butter, 
and lard, and is the cause of their solidity; 
whereas oils contain a greater proportional Quan- 
tity of elaine, and are consequently fluid. These 
prmcipals may be separated from each other by 
efxposing fixed oil to k low temperature, and 
pressing it, when congealed, between two folds 
of bibulous paper. The stearine is thus ob- 
tained in a separate form ; and by pressing the 
bibulous paper under water, an oiiy matter is 
procured, wnich is el a me in a state of purity. 
This principle is peculiarly fitted for greasmg the 
wheels of watches, or other delicate machinery, 
as it does not thicken or become rancid by ex- 
. posure to the air, and requires a cold of about 
vXy F. for congelation. 

Butyrine.—R\xiieT differs from the common 
animal fats in containing a peculiar oleaginous 
matter which is quite fluid at 70> F., and to which 
M. Chevreul has applied the name of Butyrine. 
When converted into soap, it yields, in addition 
to the usual products, three volatile odoriferous 
compounds, namely, the butyric, caproi^. and 
capric acids. 

M 
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Phocemme ia a peculiar fatty siilvtance coo^ 
tained in the poq>oi6e (Delphinuoi phoc»aa), 
mixed with ela'me. 

Hircine is contained in tlie fat of the goat and 
sheep. 

Spermacetu — This inflammable substance, pre- 
{>ared from the spermaeeti whale as above-men- 
tioned, commonly occurs in crystalline plates of 
a white colour and silrery lustre. 

Adipoetre. — When a piece of fresh muscle is 
exposed for some time to the action of water, or 
is kept in moist earth, the fik'in entirely disap- 
pears, and a fatty matter, called acupocere, 
remains, which has some resemblance to sper- 
maceti. 

Obi»^i waa fonnerly thought that the fibno was neally coa* 
verted into adipocire; but Gay-Lossac {^An. de Ck. ct de PL^ 
vol. iv.) and Chevreul maintain that this aubrtance proceeds 
entirely from the fat originally pvesent in the muscle, aod that 
the fibrin is merely destroyed by putrefaction. Dr. Thompson, 
howevei; maintains, that the conversion of fibrin into fat does 
not occur in some instances, and has related a lemaikable case 
in proof of this opinion (See Ann, Phil, vol. xii. p. 41.) Ac^ 
cording to M. Chevreul, the adipocere is not a pure fatty priu- 
ciple, but a species of soap, consisting chiefly of margaric, and, 
in combination with ammonia, generated during the decompo- 
sition of the fibrin. 

Chlorestine. — A name applied bj Chevreul to 
the crystalline matter which constitutes the basis 
of most of the biliary concretions formed in the . 
human subject. It has lately been detected in 
the btte of man^ and of several of the liver ani- 
mals, as the ox, dog, pig, and bear. This inter- 
esting discovery was made about the same tinae 
by Chevreul in Paris, and by Treddeman and 
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GmelU in Heidelberg* M» Lassaigne has like- 
wise found it in the Iniiar j calculus of a pig. — 
(An. de Ch. et de Ph. voL xxxi.) 

Ambergris. — A substance found floating on the 
surface of the sea near the coasts of India, Africa, 
and Brazil^ supposed to be a concretion formed 
in the stomach of the spermaceti whale. It. has 
usually been considered as a resinous principle ; 
but its* chief constituent is a substance very ana- 
logous to chlorestiQe,aDd to whichMM. Pelletier 
and Cayentou have given the nauae of ambreine. 

As ambergris has not been found in any whales 
but such as are dead or sick, its production is 
generally supposed to be owing to disease, 
though it has been affirmed by some to be the 
cause of the morbid affection*. It is found in 
various sizes, generally in small fragments, but 
sometimes so large as to weigh near two hundred 
pounds. Its specific gravity ranges from 780 to 
926. If ^ood, it adheres like wax to the ed^e 
of the knife with which it is scraped, retains the 
impression of the teeth and nails, and emits a fat 
odoriferous liquid on bein^ penetrated with a 
hot liquid. It is generally brittle ; but on 
rubbing it with the nail, it becomes smooth like 
hard soap. Its colour is either white, black, 
ash-coloured, yellow, or blackish ; or, it is 
variegated, namely, grey with black specks, or 
grey with yellow specks. Its smell is peculiar 
and not easily to be counterfeited. According 
to Bouillon La Grange, who has given the last 
analysis, 3820 parts of ambergris consist of 
adipocere 2016 parts, a resinous substance 1167, 
benzoic acid 425, and coal 212. 

An alcoholic solution of ambergris, added in 
minute quantity of lavender water, tooth powder, 

M 2 
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hair powder, wash balk, &c., commimieates it» 

{>eculiar fragrance. Its hk^ price in London 
requentl J causes it to be adulterated* 

0^«.— By digotioii in nitric acad^ ambreme k oonverted into 
apeculiar add called the amlmcadd.— (iln. ofPkiL toL xvL) 
This acid is yellowiah-white^ hat a peeoliar anHll» reddens 
vegetable bloe^ does not mdt at S12*F. and efolvci nc^ 
ammonia when decompond at higher tempentmea. It is solu- 
ble in alcohol and edier} bat slightly so in water. Ambieate 
of potash gives ydlow pi e cipi t a lea with muriate of lime^ ntoriate 
of barytesy sulphate of oopper» adphate of tiOD, nitnle of 
silver, acelale of lead, oono si f anblimat**, and muriate of 
gold.— Jo«r. d€ PharmtieUf ▼. ilou 
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SELECT 

CHEMICAL EXPERIMENTS. 



We have selected the following simple expe- 
riments, which may be made with perfect ease 
.and safety, for the practice of the student, with a 
■ view to impress upon his mind an early ac* 
quaintaace with, chemical facts. 

}• TO PRODUCE 'CHANGE OF TEMPERATURE* 

,' 1; To produce a sensation qfeold^^^M a small phial, ia 
one handy oontaiamg aome pulveriBed muriate of ammonia. 
If a little water be now pouied upon it, and the mixture blacken, 
a sesaatoi of cold will be immediately felt 

2^ If a small metallic cap be half filled with good ether, and 
plaeed within a large watch glass half filled with water, and 
both be placed under the receiver of an air-pump ; when the 
air is exhausted, the ether will boil, and the water be frozen. 
l^Vhen the pressure of the atmosphere is unmoved by the air* 
pump from the surface of the ether, its own latent caloric occa^ 
sions its expansion, and, absorbing caloric from the water, it 
.becomes converted into gas $ and the water having lost its caloric 
of fluidity, becomes ice,* 

3. Espanston. — Put a spoonful of ether into a moistened 
bladder, in the absence of a proper glass vessel, and tie the 

■^^^- — ' — — 1_^— ^,— ^ 

• • It was proposed, some time aeo, by professor Leslie, the makiiig 
of ice in quantities b^ taking off the pressure of the atmosphere from 
several receptacles for water placed underneath a collection of the 
receivers of an air-pimi]i. Mr. Carey, in the Stnnd, exhibits an ap- 
paratus of this kind, which is capable of making six pounds of ice by 
<>ne exhaustion of glasses. 

m3 
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neck of the bladder doaely. If bot water be now poured upoa 
it, the etber will ezpandf and fhe bladder become inflated. 

4. Freezing mixture^^^hei five drachma of the mmiaie of 
ammonia, and five drachms of nitre, both findy powdered, be 
dittolved in two omioea of water. If a thermometer be im- 
mened in tbia solution, it will indieale that the temperatikre is 
reduced below 32®. V a thermometer tube, filled with water, 
be now suspended within it, the water will soon be eflfectoally 
frozen. 

5. Again. — ^Take a glass tube wi& a bulb in tiie form of a 
common thermometer; let it be filled wifii cold water, and 
suspended by a string. If the bulb now be freqoentiy and con- 
tinually moistened with pure sulphuric edier, the water wiR be 
presenfiy, and as eflectnally ftoaen, aa in the al)Ove expetiment, 
even in summer. 

Obs. — In consequence of the quantity of ca- 
loric that liquids require to convert them into 
vapour, all evaporation produces cold. An ani- 
mal might be frozen to death in the midst of 
summer, hj repeatedly sprinkling ether upoti 
him. Its evaporation would shortly carry oS the 
whole of his vital heat. Water tnrown on hot 
bodies acts in the same way; it becomes, in an 
instant, converted into vapour, and thus deprives 
these bodies of a great portion of the caloric 
they contain. The most striking example of the 

E'oduction of cold by rarefaction, is given by 
r. Wolfe, in his account of the Fountain of 
Hiersi at the mines of Chemnetz, in Hungary. 
In this curious machine, of which be has given a 

folate, the air is compressed by a ponderous co- 
umn x>f wat^r, 260 feet high ; it happens, there- 
fore, that whenever the stop-cock is opened, this 
compressed air rushes out with great vehemence, 
becoming immediately much expanded. The 
consequence of this sudden rarefaction is, that 
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the moisture the m contained is not only pre- 
cipitated, but congealed; a part of whicn falls 
down in a shower of snow, and thd other part 
forms icicles which adhere 1o the nosle of the 
cock. — PhUo^pK Tran^. voL iii. 

t 6. 2V» produce heat by the formatitnk ofn MMd^.^^-^PIfeite a 
fimall tbennomeler in a glass iresuel contaiaing about an oonce of 
a scdutipn of aoda ; if a difieteat qiuDtity of munalac acid be 
added to uturate the aoda, the mercury in te (hemoawter will 
expand I affording an InManoc of heat being produced by the 
formation of a salt 

7. The expansion of •oolatile bodies by heat may also he 
sfiown by thejolhtoing experiment, — ^Put a little ether into a 
small retort, tie a bladder to the beak of it^ and hold the i^tort 
over a lamp. The ether will quickly boil, ahd the gas which 
arises ih>m it will soon occupy the bladder, and extend it to 
its fidl size. If the bladder be then held in wafer, the gas will 
be condensed by the loss of its heat, and the bladder will col- 
lapse. 

JVofc^— 'It is necessary, to ensure the success of 
this experiment, that the bladder should be pre- 
viously warmed to 80 or 90 degrees, to prevent 
the gas from being condensed in the first in- 
stance. 

8. Combination of a substance >with caloritu — Clhaig« a 
small retort with strong muriatic acid, and insert its beak.iqto a 
tubulated reoelver containing a littie water \ then into this i^ 
ceiver insert two small thermometers, the one immersed in the 
the water, the other suspended above it. By applying the heat 
of the lamp to. the retort, muriatic acid .gas will be abundantly 
disengaged ; and if the thermometers be examinedi that which 
is suspended in the gas will be found to have risen only a few 
degrees, while that which was immersed in the cold water faaa 
acquired a boiling heat. 

Obs. — The nature of the combination of a sub- 
stance with caloric was first placed in a clear 
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light b^ Dr. Black. He discovered that all 
matter is subject to the following law, riz^ that 
** whenever a bodj^ changes its chemical state, 
it either combines with or separates from caloric,*' 

9. Take a glass of cold water, on the soiaoe of which poor 
m litffe Bolphuric ether, and inflame it by a slip of lighted 
paper. The ether will bum for a oonsidenble time^ and pio- 
duoea laige ▼olimie of flame; bat when it ii extinguiabedthe 
water will be fiwuid not to haie incramad in tempcntoe. 

Obs. — ^The object of this last experiment is to 
show that water is a bad conductor of caloric, 
and that when we wish to heat water, the heat 
ought not to be applied at its surface. 

« 

10. Let the bulb of a thermometer be dipped in meile^ 
rosin so as to coat the gla» with it» and sofo it to cool com- 
pletely. Apply the flame of a taper to the bulb, so as to melt 
the rosin j th^ mercnry in the thennomeler will not rise at the 
approach of the taper, but will actually be seen to contract as 
the rosin becomes liquid. « 

11. To produce diversity of co/onrf.— Put about a scruple 
of the oxidized manganese and nitrate of potash* as below 
directed, * in a wine glass, and an equal quantity of the same 
compound in anoflier glass. On one pour hot, and on the 
other cold water. The hot solution will exhibit a beautifid 
green colour; the cold one a deep purple. 

12. If a small portion of mineral camdeon be put into seve^ 
ml glasses, and water at diflerent temperatures be poured ea 



« Take one psrt of the black onde of manganese and three paits of 
the nitrate of potash, both reduced to powder; mix them, and Avow 
them into a red-hot crucible, and cootinued there until no more oxy- 
gen be disenffaged. The result wUl be a friable powder, called 
mineral eamebon, from its property of chan^g colour during its so- 
ludon in water. If a small ouantity of this powder be put into a 
glass of water, the solution is nrst bhte; oxide of iron then sejiamtes, 
and by its yellow colour renders the fluid green ; this subsiding, the 
blue re-appears ; then, as the oxide of manganese absorbs oxTgen 
Trom the atmosphere, it becomes reddish, brownish, and at last black. 
'U hot water, as above, &c» 



tftbh» the contents of each glan will exhibit a di£lcxent shftde 
of eoloor. 

Obs. — ^This experiment affords another instance 
of metals producing various colours^ according 
to their different modes of treatment. 

Idk Dt£ftae a little newly prtpeied white prusBiate of iron 
ia two or thiee wine glane^ each containing some distilled 
water, and let the action of the air be excluded by covering 
tlie oonteats of each with a thin layer of oil. If these colour* 
less liquids be now exposed to different degrees of cold»' it will 
be seen that whenever the water in either of them freezes, the 
ifvhke precipitate will become blue. 

14. Hammer an iron bar briskly upon an anvil : its tempe- 
rature will be soon so Increased, that a piece of phosphorus 
being laid upon it will become iDstantly inflamed. 

Obs.'-^The object of this experiment is to show 
that caloric may be evolved merely by percus- 
sion ; and that, when evolved, it is as active and 
energetic as though it had never been latent. — 
(For other eroeriments on these subjects, see 
^imospheric Jtir^ p. 12, and Cafortc, p. 18.) 

II. EXPERIMENTS WITH THE OASES. 

1 . Carbonic Acid Qas. — ^If about an ounce of marble, grossly 
pulverized, be put into an eight ounce phial, with about an 
equal quantity of water, and a little sulphuric acid be poured 
upon it, carbonic acid gas will be evolved. See p. 183. 

Obs* — ^The cheapest receiver for the collection 
of this and other ^ases is a moistened bladder, 
with a piece of tobacco-pipe firmly tied into its 
neck, and twisted in such a manner as to expel 
all the common air. Tbis;may easily be adapted 
to any vessel by means of the pipe, which may 
be fixed in the cork, and closely luted in the 
usual way. 

M 4 



960 BxramiHBHTs. 

2. Hydrogen Ooi^^f lome aon win be pot into m piiidl 
with three or four ounces of water, and a little salpbnric add 
be poixed upon the content^ hydrogen gaa will be evolved. 
It may alao be procured as follows :^~ 

3. Put a quantity of filings of zinc into a vesKl which has 
a glass tube adapted to it ; then pour upon the sulphuric add 
tfaathas been dtioled with aix or eight times its qoantily of 
water, an e flfef v es ee noe will immediately take pboe, the water 
will be decom p osed, the oxygen of oil will become onited-to 
the metal, and the hydrogen gas will be disengaged by the 
glass tube into any pioper leoeiver. 

Obs. — Hydrogen gas can onlj be procured 
pure from water, which in all cases must suffer 
a decomposition. From its great levity, hydro* 
gen has ffenerall^ been used to fill air oalloons : 
one hundred cubical inches of it weigh only two 
grains and one quarter. — See p. 173. 

4. Sulphuretted Hydrogen.^^To procure sulphuretted hy- 
drogen gas, put some sulpfaureC of iron into a ptnal ; pour a 
little sttlphuiic acid over % and attach a bladder to die piyal; 
a gas of the above description, eztraaoeiy foetid and disagreeable, 
will be evolved; though the ingredienta here employed wem 
destitute of smel]. — ^Also, 

5. Sulphuretted Hydrogen may he obtained by melting 
together in a crucible three parts by weight of iron filings and 
one of sulphur 3 reduce the mass to powder, and put it, with 
a little water, into a glass vessel with two mouths : lute one 
end of a crooked glass tube into one of these mouths, and let 
the extremity of the tube pass under a glass jar in a pneumatic 
trough (see jf^. 7. pi. III.), the jar being inverted fi^ of water. 
Then pour diluted muriatic acid dirough the other mouth of 
the vessel, whidi must be immediately closed up. The gas will 
now be abundantly disengaged and flow into fheglass jar, 
displacing the water. For a more ready way of forming sul- 
phuietted hydrogen gas, see Oay^LuisuCf in Annalen de 
Chim» et Phys, tome vii. p. 314. See Compounds of Hydrogen 
find Sulphur, p. 199, et seq. 
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6. Oxjfgen Gftft. — ^To procore oxygen gas in abuodMioe, 
piitaa oimce or two of the black oxide of mangaiieBe into a 
fliaall ^laiM vdoit, aad poor a littieconcentiated sulphuric acid 
upon it, and apply the heat of a lamp.— See p. 16t. 

7. To coUett pure oxygen ga». — ii tbe tenvct of a plants 
firesh gathered, be placed in the sun, at befaafiflr diieoted, 
very pure oxygen gas may be collected. 

06«. — ^The upper side of the leaf, is the orffan 
of respiration : hence some vegetables (as they 
give out oxjffen only in the day) close the up- 
per surfaces of their leaves during the night. The 
multiplicity of the leaves of trees indicates the 
importance of transpiration to a vegetable. This 
fact, we believe, was first announced by Dr^ 
Priestley. He had observed that a plant called 
a conferva^ which exists in pools of water, when 
exposed to the rays of the sun, is covered with 
mmute globules of water filled with air ; and 
when he mverted a glass filled with water over 
the slender filaments of tfiis plant, he obtained 
the ^as collected in the upper part of the glass, 
and found it to be pure oxygen gas, which he 
proved by the difference there was in the burn- 
ing of a lighted taper when immersed in this 
gas, and in atmospheric air. 

8. To shew the production of oxygen from tl^e leaves of 
plants, — ^Fill a glass bell wiih water, introduce some fresh leaves 
under it, and place the bell inverted in a flat dish of water. 
Expose the apparatus to the rays of the sun, and very pure 
oxygen gas wiR be disengaged, which will displace the water in 
the jar, and occupy its place. In like manner a sprig of mint, 
corked up with a small portion of carbonic acid air, and 
placed in the light, will absorb the carbon and render the air 
again capable of supporting life. The plant purifies what the 
animal has poisoned. 

Obs. — It is to be remarked that all the oxygen 
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.18 not given out bj plants; partJDust be retained 
to form tbe sugar and acids which are found in 
vegetables. llr« Cruickshank has shovm by ex- 

f>eriment» that oxymn is absolutely necessary 
or the conversion of mucilage into sugar. 

' 9. Afumaniaeai Gf af •— Put t mixture of two ptite of qoick 
litiie» and ooe of muriate of umnonn, both in powder, inio a 
MnaU|kgkM retort; apply tbe beat of a lamp^ aad ammonlacal 
gat. Sea p. 194. 

10. Suipkurout Acid Gftff.-* Poor a litde lulphuric acid 
upon a small quantity of qntclail?er m a glaai retort, apply 
luBat» and sulphoiooi acid gai may be edleeted. See p. 97. 

1 1. Nitrous acidOhi^'^T^ke a few shreds of copper, or some 
copper wire, and pour over them a little diluted nitrous acid, 
in. the proportion of about three parts of water to one €i acid. 
The gas that is evolved is nttrooi gas. See p. 97. 

12. Nitric Acid Gfat .— Pour some sulphuric acid upon 
an ounce or two of the nitiate of potash in a glass retort ; af^y 
heat by means of a lamp, and collect nitric acid. See p. 97. 

13. Muriatic Acid 6a«.-^Pour some adphoric acid over 
muriate of soda, and treat in Uiesame mannw^ and muriatic add 
in the gaseous form .will rire from the retort. See p. 95. 

14. Convey some muriatic ac^d gas into a jar containing a 
portion of the gas produced in experiment No. 9. From the 
mixture of these two invisible gases, a solid substance, tbe 
common sal ammoniac, will be produced. It may be seen 
depositing itself upon the sides of tbe vessel in a neat crystal- 
lized form. 

Obs. — Muriatic or acetic acid are the usual 
tests employed to discover the presence of am-* 
inonia, which will produce very evident white 
fumes. 

15. Whenever uncombined jnuriatic, or any volatile acid is 
suspected to be present in any chemical mixture it may be 
detected by ammonia. A single drop of ammonia on a feather. 



or small dip of paper»^ hdd over the imztuiet will immediately 
reader the vapour visible, 

. Obs."^ Ammonia is of use in making Urchil^ 
an article in great deipand with dyers. About 
the year 1300, a Florentine merchant having^ 
accidentally observed that stale urine, which ai* 
ways contains ammonia^ imparted a very fine 
colour to a certain species pi mosSy he made ex- 

(eriments, and thus learned to prepare archil.* 
t is said that this alkali will give to new brandy 
all the qualities of that of the oldest date. This 
method consists in pouring five or six drops of 
liquor ammonia into each Dottle of brandy, and 
shaking it well, that it may combine with the 
acid, on which the taste and other qualities of 
the new liquor depend.t See p. 195. 

16. To convey an idea of the principle upon lohich Bal* 
loons are injlated, — Procure a bladder fumiahed with a stop- 
cock \PL I.)»fill it with hydrogea gas,; and then adapt a tobacco* 
pipe to it ; and by dipping the bowl of the pipe into a lather of 
soapy and compressing the bladder, soap bubbles will be farmed^ 
Irlled with hydrogen gas. 

17. Get a bladder similar to the one described in the last 
experiment, and charge it with a mixture of hydrogen and 
oxygen gases: with this apparatus blow up soap bubbles as 
before, and touch them with a lighted match. 

0&5.r— Hydrogen is not combustible unless it 
be mixed' vidth atmospheric air, or with some 
others of the supporters of combustion; for 
without such previous admixture, it is abcMiIutely 
destructive ot flame, as mny be proved by im« 
mersing a lighted taper in a pUal of l^drogen 
gas (from which the utnouist care has been taken 
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to exelode the presence of atmospheric air), 
which will be extinguished the moment it comes 
in contact with the pure hjdrogen gas. See p. 171. 

18* Toprodmee m pemcH of Flifit^.—Fin a bladder, similar to 
tlM OMtlieidy d«cribad (pagsSSS), witk hydrogen gas ; apply 
« liglilod awtdi to the and of the lobMOo^ipe, and press the 
bladder gently. An eatiandy bemtifid pencil of flame will 
baaeen tinting from the pipep tin the whole of the hydrogen 
flas Is ^fltmy fii^ff t 

la. 7a ctfMe a MlUmt eombmtti&n-'^QtSL such a glass 
jar as is geaeniUy and for daflagnting tbe gates, and fill it with 
azyBMiriatic acid gas. If nkkel, aisenic, or bismmfa. In 
powder, be thrown into tfaa gaa» and the ten^ienture of the 
ataiespliera be not lower than 70^, the otetal will inflame, and 
oootinne to bum with the most bnUisnt combustion. 

20. Put a smaU piece of phosphonis into a crucible, oorer it 
closely with carbonate of lime or pulverised common chalk, 
so as to fill the crucible. Upon this invert another crucible^ 
and subject both to the fire. When the whole has become 
perfectly red hot, remove them from the fire : and on examin- 
ing them when cold, the carbonic acid of the chalk will have 
been decomposed, and the black charcoal, the basis of the acid, 
may easily bte perceived amongst the materials, 

21. Take one of the glass receivers, generally adopted for 
deflagrating the gases \ fill it with oxygen gas, and invert it in a 
shallow pan of water. Then having ready ignited a piece of 
the tortual part of charcoal, suspend it by a wire to the stopper 
of the reotiver, and immene it quickly in the gas. The char- 
coal will be seen to bam for a considerable time with the 
greatest splendour, throwing out the most beautiful corusca- 
tlons. When flie inflammation is over, the oxygen gas will be 
oonsomed, and the water will be found to be impr^ated with 
carbonic add; and if solne transparent lime-water be poured 
ia» the whole wfll become opaque &(»i the carbonate of lime 
now formed. 

22. Invisible Gat, — ^Place a lighted wax taper within a 
narrow glass jar, then take a jar or phial of carbonic acid gas, 
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and cautiottdy pMv it iato the jar eoQtai&»g tbetaper. Tlw 
being an invisible gaSf the opeEator will appear to invest 
meiely an empty va»el« though the taper wUl be as.e£fectiially 
and instantaneoudy extinguished as if water itKlf had been 
used. 

06«.— Carbonic acid has with other pro- 
perties, that of rendering lime soIuMe in wateh 
And plants of all kinds give out carbonic acid 
gas while growing ;• but when assisted by the 
TBjs of the sun, there is reason to think tha.t 
plants have the power of decomposing this acid ; 
for there th^ leaves give out only oxygen gas. 
— Atmaks de Ckimie^ tome xiii. page 3l8. 

23. Invisible Qases rendered visible, — Upon some acetate 
of potash in a saucer, pour sulphuric acid. Into another 
saucer put a mixture of about two-parts of quick-lime, and one 
of sal-ammoniac, both in powder, adding to those a very small 
portion of boiling water. Both saucers, while separate, will 
yield invisible gases ; but the moment they are brought clos6 
together, the operator will be enveloped in very visible vapours. 
Muriate of soda, in this experiment, may be substituted fbr 
acetate of potash. 

24. If a glow-worm be placed within a jar of oxygen gas, 
in a dark room, the insect will shine with mudi greater 
brillssncy than it does in atmospheric air, and appear move 
alert As the luminous appearance depends on the will of the 
animal, this experiment may, probably, afibrd an instance of 
the stimulus which this gas communicates to the animal 
system. 

25. Formation of an Acid by the mixture of two Gaseji,'^ 
Let a slip of litmus paper be pasted within a glass jar near the 
bottom ; then fill the jar with water, and invert it on the shelf 
of a pneumatic trough. If as much nitrous gas, previously 
well washed, be passed into the jar as will displace the water 
below the level of the paper, the colour of the litmus pap^r will 
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■till ramam maltend; but on pMung up ainotplieric mt, it 
will immediateljr be leddoied. 

Obi. — ^The nitrous acid gas was used by Dn 
Priestley for purposes of eudiometry. The first 
eudiometer was made in consequence of his 
discovery^ that when nitrous gas is mixed with 
atmospheric air over water, the bulk of the 
mixture diminishes rapidly, from the combina^ 
tion of the gas with the oxygen of the air, and 
the absorption of the nitric acid thus formed. 
Whenever nitrous acid is thus mixed with atmos- 
pheric air, the diminution will be in proportion 
to the quantity of the oxygen ; of course this jar 
will always indicate the measure of oxygen pre- 
sent in any portion submitted to triall In con- 
sequence, however, of some inconveniences 
attending the use ef this eudiometer, others have 
been invented by Scheele, Dr. Marte, Hum- 
boldt, Seguin, BerthoUet^ and Davy. 

26. Ta thorn ike neeeftify qf Water in same chemical 
esperimenis.'^Ttike a few g;niBft of citric add, aod twice as 
much carbonate of potash, or of soda, both in powder ^ mix 
them and put them into a dry glass* No chemical change will 
take place in either of these salts j bat the moment water is 
pouBed upon them, an efiervesceooe and extrication of gas will 
ensue. 

III. EXPERIMENTS ON THE FORMATION AND 
CRYSTALLIZATION OF SALTS. 

1. To thow that a determinate Jigure has Been instamped 
mpan every individual sait^ — ^Dry and reduce to powder com- 
nMMi Glaubei^s salt, and then dissolve in three times its weight 
of boiling watv ; and it will not only be found to crystallize 
on cooling, but the crystals will assume the identical forms 
which they exhibit before they were pulverised. 
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2. To prevent Cryitailixation, — ^Let three-quarten of an 
ounce of Glauber*8 salt be dissolved in two ounces. of boiling 
water, pour it while hot into a phial* and cork it close. In 
this state it will not crystallize^ even when perfectly cold ; but 
if the cork be now removed, the crystallization will be seen to 
commence and proceed with rapidity ; afibrding an instance 
of the efiect of atmospheric air on crystallization. 

Obs4 — ^In crystallizing salts in the lar^e waj, 
the manufacturers have remarked that the largest 
crop of crystals is always found on that side of 
the cooler which is exposed to the most light; 
and that in crystallizing some salts, if the vessel 
be partially shaded, theJine of interception will 
be evident, and the part excluded from the light 
distinctly marked by the limit of the crystalliza^ 
tion. 

3. To shew thai taline Solutions give out Calorie in the 
^ct of ciyafallization, — ^Repeat the above e]q^rimeiit(No« 3) 
with a small thermometer inuQersed in the solutuw, and closed 
•0 as to exclude the atmospheric air. If the solution be sufiered 
to cool completely under these circumstances, the thermometer 
"will'be peen to rise on the removal of the cork. 

0&^.— 4I!aloric pervades all bodies: this is not 
the case with any other substance we know of; 
not even light. It lies hidden in every thing 
around us. It is a substance which we are ever 
in want of; it is, therefore, deposited on everj 
side, and is readj^ for every exigency. As it 
penetrates bodies it frequently forms a chemical 
combination with them, and becomes essential 
to their composition. This is always the casi^ 
when a solid is converted to a liquia, or when a 
liquid passes to a gaseous state. But if caloric 
be superadded to a body when in a state of satu^ 
xation, it merely traverses its surface, and passes 
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from it, in the form of sensible heat, to some of 
the adjacent bodies. See p. 18. 

4. An Instance of a metallie Solution hy means of an 
Acidf in vAich the Opacity of a metallic Body is completely 
aoercomef and the whole rendered perfectly transparent^^ 
Let half an ounce of quicksilver be put into a wine glass, and 
poor about an ounce of diluted nitrous acid upon it. The 
nJInMsaekl will be decot^qwsed by the metal with aurprising 
npadity $ the colour of the acid will be quidkly chaiifed to a 
beautiftil gveeB, while its aorfrce will exhibit m dafk criiiMen; 
and an eiierveioence iodeicribably vivid and pleasing will go on 
during the whole time the acid opeittes upon the quicksilfer. 
When a pait only of the metal is dissolved, a change of colour 
will again take place, and the acid by degcees will become 
paler, tiU it is as pelhicid as pore water. 

5. An Instance of the formation of a metallic Salt. — ^Take 
the metallic solution formed in the last experiment (No. 4), and 
add a Httle more qcdcksilver to aatuiale the acid; then place it 
al aome distance over the flame of a lamp, so as gently to 
evtpQiate a pait of the w«ter. The new formed salt will soon 
be seen to begin to shoot into needie^ltke prismatic cryilBls, 
oOMing each other in every possible direction. 

6. A transparent lAquid holding a Metal in $oiutio%/^ 
Pour a small quantity of strong nitrous acid into a wina-f^lass, 
add twice its quantity of distilled or clear rain water, and* when 
mixed, throw a few very small pieces of granulated tin into it. 
A violent efi^rvescence will take place, the lighter particles of 
the tm will be thrown to the top of the acid, and be seen to 
play up and down in the liquor for a conaderable time till the 
whole be dissolved. 

7. An Example of the dijperence of Colour of metallic 
Oxides, arising from different degrees of oxidizement — 
Let an ounce of quicksilver be dissolved, mthout beat, in three 
quarters of ata ounce of strong nitrous add, previoaBly diluted 
with one ounce and a half of wster. IMssolva ahb ttie same 
wingbt of quicksilver, ^ means of heat, in the mtme quantity 
of a similar acid« and ten to each of ttiese ooloaieBs solution^ 



add a solution of potash. In tiie drrt case, the metal «iU be 
precipitated in a biac^, in theotherin a reddish^ytii^m poxadetf 
affording an example of the difieienoe of colour arising from 
different degrees of oxtdizement 

8. Tojbrm a miid Saitjrom a mixture tf tvo corrosive 
Substances. — ^Take an ounce of a solution of caustic soda, pour 
upon it half an ounce of sulphuric acid ; lay the mixture asidey 
and when cold, crystals of sdphate oCsoda irill be formed m 
the liquor. 

9. To produce an inodorous and tastehss Saitp ^e.— * 
Take carbonate of ammonia (the common volatile smelliag 
salt) and pour upon it muriatic acid so long as any eibr* 
vescence continues. The produce will be a solid si^t, per- 
fectly inodorouSf and of little taste. 

10. To make a solid mass from txpo transparent fluids j**-> 
Mix in a wine glass equal quantkies of a satuiuted solution of 
muriate of limcy and a saturated solutidn of earbonate6f 
potash, both transparent fluids; stir the mixture^ and a solid 
mass will be the result. 

11. To convert « solid epa^ue ta^ss i^ w$ems af a chc' 
mical agent to a transparent liquid.^^Tik!^ the substance 
produced in the preceding experiment, and pour a very little 
nitric acid upon it. The consequence will be the solid matter 
will be again taken up, and the whole will exhibit the ap- 
pearance of one homogeneous fluid. 

12. To make a solid from two fluids,* — ^Take a tians- 
parent saturated solution of sulphate of magnesia (£p80msalt), 
and pour into it a similar solution of caustic potash or soda. 
The mixture will almost jimmediately become solid. 

13. Take caustic soda one ounce, and saturate it with 
muriatic acid : the result from the union of these two coirrosive 
substances will be our common table salt. 

IV. EXPERIMENTS ON COLOURS. 

1. To produce three different colours from the same ve* 
getable infusion merely by the addition of three colourless 

* This sadden coayeision af two fluids to a solid* and that ia'Hie 
preceding experiment, have been called chemical miracles. 
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^ici^.— Pour bofling w»ler vpoQ m red cabbage, alioed,aDd 
when cold pour the dear iofiwoii into thiee wine glanes. To 
one add a lolution of alum, to another a little of the solutioQ 
of potaah, and to the third a few drops of muriatic acid. The 
liquor in the fint glan will amune a purple, the lecond a 
blight giean, and the third a beautiful crimson. 

2. An itutmtee ^ the ^eet$ of acids and alkalies in 
changing vegetable co/o«r#.— Put a little of the tincture of 
litmus, the colour of which is a bright blue with a tinge of 
purple, into a phial, and add to it a lew drops of diluted 
muriatic acid; its colour wUl change to vivid red. Add a 

.little solution of potash ; the red will now disappear, and the 
6lue will be reftored. By these means the liquor may be 
changed alternately irom a red to a blue^ and vice versa ^ 
pleasure. Seepage65. 

3. A test for alkalies and acids.^M»ke an infusion of 
red coses, vioktv, or mallow flowen; add a soluUon of potash 
and It will become greeni the addition of diluted muriatic 
acid wiU immediately turn it red. 



Ob$. — ^This experiment may be as often varied 
as the preceding one, 

^'^^^i^cture by which the most minute portion of any 
alkali in solution may be detected.-^To tincture of turmeric 
add a drop or two of solution of potash ; the tincture will 
change its original bright yellow colour to a daric brown: 
a little colouriess diluted add will restore it. 

5. To make the true Prussian 3/«e.— Into a wine glass 
of water add a few drops of the prussiate of potash ; and into 
a second glass a little dilute solution of sulphate of iron : by 
adding these two colourless fluids together, a bright de^ 
blue colour will immediately be produced, which is the true 
Prussian blue. 

6. To produce Yellow from two colourless Jluids.^Add 
prussiate of potash and nitrate of bismuth, both colouriess 
fluids, and a yellow will be the product. 

7. To produce a true prussiate of copper. -^Voyxs a little 
prussiate of potash into a glass containing a colourless solution 
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of sulphate of copper, and a reddish brown will be produced, 
being a true prussiate of copper. 

8. To produce a Black from two transparent colour/esi 
/?tti//«.— Prepare a phial with pure water and a little tincture of 
galls, and another with a weak solution of sulphate of iron ; 
then mix these transparent colourless fluids together, and they 
will instantly become black. 

9. From two blue Jluidt to produce a Red. — Pour a little 
tincture of litmus into a wine-glass, and into another some 
diluted sulphate of indigo ; add these two blue fluids toge&er, 
and the mixture will become perfectly red. 

' 10. To produce an intense Blue, — Drop as much sulphate 
of copper into water as will form a colourless solution ; then 
add a little ammonia, equally colourless, and an intense blue 
colour will arise from the mixture. 

11. Prussian Blue, — ^Take water holding carbonate of iron 
in solution, and add some diluted prussiate oi potash : Prussian 
blue will be formed by the mixture. 

12. (a) Take some of the same water as that used in the last 
experiment, boil it, and now add.prussiate of potash : in this 
case no colour will be produced. 

13. To change blue to red. — ^Take some water impregnated 
v^th carbonic acid, and add to it a little blue tincture of litmus. 
The whole will be changed to a led. ^ 

14. {b) Take some of the same carbonated water, and boil 
it ; then add a little tincture of litmus, and the blue colour will 
experience no change. 

15. To discharge and restore a colour, — Take some of 
the black liquid described in Experiment 8., add by degrees 
muriatic acid to it, and the colour will be discharged. Now 
drop in a little solution of potash, and the black colour will 
be restored. 

0&««— Some nicety is requisite in adding the 
acid and alkali ; for if they be given in excess, 
the effects will not be so apparent. 

16. (c) Take the blue solution formed by the Experiment 
10.9 ^^ A little sulphuric acid, and the colour will disappear / 
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pour ia a little lolation of canrtic ■mmonia, and the blue 
colour will be restored. Thut may the liquor be alteroatdy 
cbaosed ai pleasure* 

17. To produce « beautiful greemJUme.^^U a qpoooM of 
good alcohol and a little boiacic acid be stirred together in a 
tea-cup» and tbea sel on fiie» they will produce a very beautiful 
green flame. 

18. {d) If alcohol be ioflamed in like manner with a little 
purestrontites in powder, or aay of its salti» the mizture will 
give a carmine flame** 

19. A brilliant ifellowJl€me,''^Bidx^\A% forma some of the 
moit useful chemical tails io solution with water, and various 
acids* In muriatic acid it is used nsedicioaUy. It is capable 
of mafcing a very tenacious cement, but has not yet been used 
in the arts, except by limners as a moat excellent water colour. 
Baryfes is also similar to the alkalies in changing red vegetable 
colours to a violet or hlue% and yellow vegetable colours to a 
brown ; in rendering oil mixable with water, in fbrming glass 
with siUca, in its solubility in water, and in the readiness with 
which it shoots into crystals. Pum barytes will decompose 
sulphate of potash or sulphate of soda. If barytes be used 
instead of stcontites^ we shall have a brilliant ydlow flame. 

20. A reddi$li yelUm J9atne4 — If alcohol contains muriate 
of magnesia, it has the property ol burning with a reddish. 
ydlow flame. 

21. (e) Change of <o/0ttj*«.^Evapocale to dryness a solution 
of gold, made with nitro-muriatic acid, and dissolve the crystals 
in a sufficiency of pure water to prevent the crystallization of the 
metallic salt«-Thoiougbly moisten a little magnesia with this 
aqueotis solutioo, and place the mixture in the sun's rays. A 
c^nge of colour will soon be apparent : it will flrst take a &int 
violet hue, and in a few hours the whole will have acquired a 
very deep purple. 

22. {JT) Moisten a little m8^;nesia with some of the solution 

• If moisture be prepcnl in the naxtnro of stnmUtes wiA inAuBiiA 
ble bodies, the flame will be of a carmine colour. Thus, if this earth, 
ovthe salts formed with it be diswlved in alcohol, the spirit wdil bam 
with a flame of this colour. This distlDguishes it from bwrytes. 
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as befoie» and theo dry the miztuie in the dark. If it be Dkh 
submitted to the action of the sun*s lays, it will acquire only a* 
fJBunt violet, even by several hours exposure. 

23. {g) If the mixture employed in the last experiment {/) be 
now thoroughly >wetted with pure water, and again placed\ 
within the rays of the son, its colour will rapidly change, and 
it will acquire a deep purple approaching to crimson. 

24. {h) Moisten a piece of white riband witb the aqueous 
sohition of gold described at No. 21, and dry it thoroughly is 
the dark; then suspend it in a clean, dry, tnosparent phial, 
cork it close with a dry cork. Expose the riband thus secured 
tathe stioBg light of the bright sun for hedf an hour, and only 
a faint appeaiance of change of colour will be perceived. 

25. (ti) Take the riband out of the phial that was employed 
in the last experiment, and wet it wdl with distilled water. If 
it be now exposed to the sun*s rays, it will instantly change 
colour^ and will quickly be stained of an indelible purple. 

V.^^EXPEIIISIENTS IN 0YE1NG ANI> CALICO^ 

FRINTINO. 

1. (a) Pour a little solution of indigo in sulphuric acid into 
a glass of water, and add about an equal quantity of solution 
of carbonate of potash. If a piece of white cloth be dipped in 
this mixture, it will come out a blue. If a piece of yellow cloth 
be dipped in, it will become green, or a red will be converted 
to a purple. A slip of blue litmus paper immersed in it will 
immediately become red. ' 

2. {b) If a little fustic, quercitron bark, or other dye, be boiled ' 
in water, the colouring matter will be extracted, and a coloured 
sohiti6n formed. On adding a small quantity of dissolved 
alum to this decoction, the alumina, or base of the salt,' 
will attract the colouring matter, forming an insoluble com- 
pound, which in a short time will subside, and may easily be 
sq)aiated. 

3. (c) Boil a little cochineal in water, with a grain or two of 
jcieMXi of tartar, (supeitartrate of potash,) and a dull kind of ^ 
crimson solution will be formed. By the addition of a few ' 
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drops of iiitio*inunate of tio,* the colouring matter wfll be pfe- 
dpititad of a beaotiftil tcariet 



06^* — ^Thisyand some of the former instances, 
will grive the student a tolerably correct idea of 
the general process of djeing woUen cloth. 

4. (d) An example of the proce$i 0/ Meackmg cdoured 
good$.^^M^ km itript of dyed linen cloth of dHfaent ooloan 
be dipped into a phial of oxymurialic acid* the ooloun will be 
qoickly discbaiged ; for then aie few colouis that can rant the 
energetic eflect of this acid. 

5. (e) To preserve the erigincl colour mmd dUekarge 
others. — ^Having found a piece of blue linen doCh that iHll 
bleach in oxygemxed muriatic acid* dip the tip of the finger in 
a lolution of muriate of tin^ and pfcn it while wel with the 
flolutiout upon a itrip of thia doth. After an interral of a few 
minutes immene the cloth in a phial of liquid ozymuriatie. 
acid, and when it has remained in it the usual time* it will be 
found that the spot which- was pienously wet with muriaie of 
tin, has preserved its origind oolouTy while the rest of the 
doth has become white. 

6. (/) A permanent Black. — Dip a piece of white calico 
in a strong solution of acetate of iron, dry it by the fire* and 
lay it aside for three or four days. After this wash it wdl in 
hot water, and then dye it black by boiling it for ten minutes 
in a strong decoction of Brazil wood. If the doth be now 
dried, any figures printed upon it with a colourless solution of 
muriate of tin, will appear of a beautiful scaiiet, dthougfa 
the ground will remain a permanent black. 

7. (g) A permanent Blue, — Let four drachms of sulphate 
of iron be dissolved in one pint of cold water, then add about 
^K drachms of lime in powder, and two drachms . of findy 
pulverized indigo, stirring the mixture oocasiondly for 12 or 



• Tin 18 used by dyers to give a brightness to cochineal, archil and 
other articles used for dyeing reds and scarlets ; and to precipitate the 
colouring matter of other dyes. For these purposes it is previooily 
dissolved in a peculiar kind of aquafortis, caUed dyer's spirit 
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14 hours. If a piece of white calico be immersed in this sola, 
tion for a few minutes, it will be dyed green ; and by exposure 
to ^ atmosphere only for a few seconds, this will be converted 
to a permanent blue. 

8. Calico-printers' buff.-^li a piece of calico be dipped in 
a solution of sulphate of iron, and when dry washed in a weak 
solution of ca^lbonate of potash, a permanent colour will be 
produced, viz. the buff of the calico-printe rs 

9. Nankeen dye, — Boil equal parts of arnotto and common 
potash in water till the whole is dissolved. This will produce 
the pale reddish buff, so much in use, and sold under the name 
of nankin dye. 

10. I^ muriate of tin,* newly made, be added to a solution 
o£-indi^o in sulphuric acid, the oxygen of the indigo will be 
absorbed, and the solution instantly converted to a green. It 
is on the same principhe that muriate of tin is employed in 
cleansing discoloured leather furniture 5 as it absorbs the oxygen, 
and the leather is restored to its natural colour. 

11. Take a piece of very dark olive-coloured linen that has 
been dyed with iron and quercitron bark, or weld, and spot it 
in several places with a colourless solution of muriate of tin. 
Wherever the cloth has been touched with this solution, this 
original colour will be discharged, and spots of a bright yellow 
will appear in its stead. 

12. To shoxD the effect of acids in discharging vegetable 
colours. — Dip a piece of white calico in a cold sblunon of 
sulphate of iron, and suffer it to become, entirely dry. Then 
imprint any figures upon it with a strong solution of coldurlesi 
citric acid, and allow this also to dry. If the piece be then 
well washed in pure warm water, and afterwards boiled in a 
decoction of logwood, the ground will vbe dyed either of a 
slate or black colour, according to the strength of the metallic 
solution, while the printed figures will remain beautifully 
white. 



* Tin is soluble in all the mineral adds. It may be prtdpitifted 
from its soluUons by potash, but an excess of potash will re-ussolve 
the metal. Nitro-muriate of eold U a test for the presence of tSn, in 
solution with which it forms a nne purple precipitate. ^^^ 

N 
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13. If lemon juaoe be dropped upon any kind of buff oolow, 
the dye will be instantly ditchai^. The appticitioa of Hat 
acid by means of tiie block, is another aoetbod by wfaieh 
calico-printers give the white spols or figunes to pieoe-goods. 
The crystallized add is generally laed for this pupoae. 

Ofr«.**The8e experiments will give the student 
some idea of the nature of calico-printing. 

VI. COMBUSTION AND DBTONATION. 

1. Spread a piece of tinfoil, such as is used for coating electri- 
cal jarsy upon a piece of thick paper ; ^readsome powdered 
crystals of nitrate oi copper upon it, and sprinkle it with water. 
Fold it up quickly, and wrap it round carefully with the paper, 
more effectually to exclude the atmospheric air. Place it then 
upon a tile, and in a short time combustion will commence^ 
and the tin will inflame.* 

2. Take three sorts of nitre, two of potash, and one of 
sulphur (all of these should be thoroughly dry)*, then mix 
them by rubbing them together in a warm mortar: the resulting 
compound is cdWed Julminating powder. If a little of this 
powder be placed upon a fire-shovel over a hot ^Te^ it gradually 
blackens, and at last melts. At that instant it explodes with a 
violent report 

Oi«. — This mixture is not dangerous like the 
metallic fulminating powders; none of which 
should be intrusted in the hands of young 
people. 

3. If a few pounds of a mixture of iron filings and sulphur 
be made into paste with water, and buried in the ground for a 
few hours, the water will be decomposed with so much rapidity, 
that combustion and flame will be the consequence. 

4. Put a MiiXe fresh calcined magnesia in a tea-cup upon the 
hearth, and suddenly pour over it as much concentrated sul- 



* I'in is much more combustible than many of the metaU. It will 
burn in oxygen gas before it acquires a heat suiSSdent to fuse It 
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phoric acid as will cover the magnesia. In an instant 
sparks will be thrown out, and the mixture will be completely 
ignited. 

5. Make a little charcoal perfectly dry ; pulverize it very fine, 
and put it into a warm tea-cup. If some strong nitrous acid 
be now poured upon it, cpmbustion and inflammation will 
immediately ^nsue. 

Ohs. — Charcoal, from its affinity with oxygen, 
will decompose the nitric and sulphuric acid« 
It decomposes the latter with ffreat rapidity. If 
the charcoal be dry and finely powderea and 
the acid strong, and allowed to run down the 
inner side of the vessel to mix with the charcoal, 
it will burn rapidly, giving out a beautiful 
flame, and throw up the powder so as to re- 
semble a brilliant fire-work. 

6. If strong nitrous acid be poured upon a small quantity of 
a mixture of oxymuriate of potash and phosphorus, flashes of 
fire will be emitted at intervals for a considerable time. 

7. Put a bit of phosphorus into a small phial, then flll it 
one-third with boiling olive oil, and cork it close. Whenever 
the' stopper is taken out in the night, light will be evolved 
sufficient to show the hour upon a watch. 

8. Burn a piece of iron wire in a deflagrating jar of oxygen 
gas, and suffer it to burn till it goes out of itself. If a lighted 
wax taper be now let down into the gas, this will bum in it for 
some lime, and then become extinguished. If ignited sulphur 
be now introduced, this will also burn for a limited time. 
Ijastly, introduce a morsel of phosphorus, and combustion will 
also follow in like manner. 

• Obs. — These experiments demonstrate the re- 
lative combustibility of different substances, 

9. Argentine Fioioers,^^When antithony is heated to 
whit^ess in a crucible, and in this state agitated, in contact 
with the air, it inflames with a sort of explosioo^ and presents 

n2 
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white borning a veiy tiogalar kind of while flame, Ibraiiii^ 
what have been foimeriy called argrtitinejiowert. 

10. When antimony is well fund upon charcoal, if, at the 
moment when its mrfooe it not ooTered with any particle of 
OKide, we throw it suddenly upon the ground, the glotwIeBiolo 
which it dividei in its &II, bum with a very lively flame^ 
throwing out on all sides brilliant qwiksp diftrent from that of 
any other metal. 

Ohi. — Antimony combines with phospbonu bj 
fusion ; but the compound* which is brittle and 
has the metallic lustre, has not jet been found 
useful. ^See Pelletier in AnmahM de Chimie, 
tome xiii.) Sulphur and antimony also combine 
by fusion, and form a substance exactly similar 
to the native sulphuret of this metal. It has a 
metallic ap^iearance, but is much more fusible 
than antimony. Proust and Vauquelin make it 
consist of antimony 44, sulphur 16. 

11. Mix five or six grains of sulphuret of antimony with 
half its weight of oxymuriate of potash, and then, if a sudden 
stroke be given to the mixture, upon a steel anvil, it fulminates 
with a loud report, emitting, according to Foorcroy, a flame 
as brilliant and rapid as lightning. 

12. Into a tea^cup placed upon a hearth, and containing 
about a table spoonful of oil of turpentine, pour about half 
the quantity of strong nitrous acid, previously mixed with a 
few drops of sulphuric acid. The moment the adds come in 
contact with the turpentine, heat and flame will be produced. 

06«.-^In performing this experiment it is 
advisable to mix the acids in a pnial, to tie the 
phial to the end of a stick, and, at arm*s lenffth, 
to pour its contents into the oil, as the sudden 
combustion sometimes occasions a part of the 
liquids to be thrown out of the vessel* 

13. Pour a little pure water into a small glass tumbler, and 
pot one or two small pieces of phosphuret a t lime into it In 
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• short time flashes of fire will dart from the surface of the 
water, and terminate in ringlets of smoke» which will ascend 
in regular succession. 

Obs. — If a piece of phosphorus be placed on 
the surface of a little water below the heat of 
bailing it will immediately inflame. This is one 
characteristic of phosphorus, and distinguisheis it 
from all other substances. It melts at the tem- 

gerature of 90®, and takes fire at about 148®. — 
ee p. 187. 

14. To show thepxtreme inflammability of phosphorus.'^ 
Put thirty grains of phosphorus into a Florence flask, with 
three or four ounces of water. Place the vessel over a lamp, 
and give it a hoiling heat. Balls of Are will soon be seen to 
issue from the water, after the manner of an artificial Are- work, 
attended with the most beautiful coruscations. 

15. Pour four ounces of pure water into an eight-ounce re* 
tort, add a little solutioi^ of pure potash, and give it a boiling 
beat with a lamp. When it boils, drop a small piece of phos- 
phorus into it, and immerse the beak of the retort in a vessel of 
water. Bubbles of phosphuretted hydrogen gas will issue from 
the retort, rise through the water, and take fire the moment 
they come in contact with atmospheric air, somewhat similar 
to the appearance mentioned in experiment .No. 13. 

16. Fix a small piece of solid phosphorus ia a quill, and 
write with it upon paper. If the paper be now carried into a 
dark room, the writing will be beautifully luminous. 

17. Pour a little phosphuretted ether upon a lump of sugar, 
and drop it into a glass of water a little wann. The surface of 
the water will soon become luminous; and if it be moved by 
blowing gently ^th the mouth, beautiful and brilliant undu- 
lations of its surface will be produced, exhibiting the appear- 
ance of a liquid combustion. 

18. If any part of the body be rubbed with liquid phospho- 
rus, or phosphuretted ether, that part, in a dark room, will 
appear as though it were on fire, without producing any dan- 
gerous efiect, or sensation of heat 

n3 
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19. DetoMting Pawder^^TtJke two gnins of ozymuriMt 
or chlorate of potnh,* and one gram of flowen of sulphur; 
rob them together in a mortar, and a smart detonating noiae 
will be produced. Continue to rub the mixture bard, and the 
reports will be frequently repeated, accompanied with vivid 
flashes of light If the same mixture be wrapped in paper, laid 
on an anvil, and smartly struck with a hammer, the report 
will be as loud as what is usually produced by the firing of a 
pistol. 

20. Take two grains of chlorate of potash, and one grain of 
phosphorus. Treat this mixture as in the last experiment, and 
very violent detonations will be produced. 

« 

Obs* — It is advisable never to exceed the quan- 
tity of phosphorus prescribed here, and in other 
similar experiments* 

21. Take a similar quantity of chlorate of potash with three 
or four grains of flower sulphur, and mix the ingredients very 
well on paper* If a little of this mixture be taken up on the 
point of a knife and dropped into a wine-glass containing some 
sulphuric acid, a beautiful column of flame will be perceived, 
the moment the powder comes in contact with the acid. 

22. Combustion under Water, — ^Put a little oxymuriate of 
potash and a^ bit of phosphorus into an ale-glass, pour some 
cold water upon them cautiously, so as not to displace the 
salt. Now take a small glass tube, and plunge it into some 
sulphuric acid ; then place the thumb upon the upper orifice. 



« Chlorate of potash is used not only for experiment but also in 
medicine. From its explosive effects, BerthoUet was induced to pro- 
pose it as a substitute for nitre in the manufacture of gunpowder. 
The attempt was made ; but no sooner did the woriimen begin to tri- 
turate the mixture, than it exploded with violence, and proved fatal 
to two individuals who were near it — Phil. Trans, vol. xcii. p. 128. 
Notwithstanding this accident, which happened in the year 1788, 
the French, we are Informed, have actually employed in one of 
their campaigns, gunpowder made with chlorate of potash instead of 
saltpetre. This is practicable, as has been proved in this country by 
the Rev. Alexander Forsyth of Belhelvie,. in Aberdeenshire, wha 
took out a patent for a new kind of gun-lock, to be used without a 
flint, which inflames the gunpowder merely by percussion. 
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add in this state withdraw the tube, which must be instanUy 
imiheraed io the glass, so that^ pn removing tbd thumb* the 
acid may be immediately cooveyed upon the ingredients. • If 
a morsel of the phosphuret of Hme be added, there will be 
combustion also on the surface of the water. 

23. To produce instantaneous flame. — Prepare a mixture 
of equal parts of lump sugar and oxy muriate of potash; put a 
small quantity of this mixture upon a plate or a tile ; then dip 
a piece of sewing-thread into a phial of sulphuric acid, so as to 
convey the smallest quantity of the acid ; with this touch^the 
powder, and an immediate burst of flame will be the conse- 
quence. 

24. To produce detonation and flame ly the mixture of a 
powder with cold water. — Mix, without much friction,. ten 
grains of chlorate of potash with one gcain of phosphorus, and 
drop the mixture into concentrated sulphuric acid. This is an 
Instance of detonation and flame being produced by the mix* 
ture of a powder with a cold liquid. 

26. Add a few grains of chlorate of potash to a tea-spoonfed 
or two of alcohol, drop one or two drops of sulphuric acid 
upon the mixture, and tiie whole will burst into flame, forming 
a very beautiful appearance. 

26. A mixture of chlorate of potash and arsenic famishes a 
detonating compound, which takes fire with the utmost rapi- 
dity. The salt and metal, first separately powdered, may be 
mixed by the gentlest possible triture, or rather by stirring 
them together on paper with the point of a knife. If two long 
trains be laid on a table, the one of gunpowder and the other 
of this mixture, and they be in contact with each other at one 
end, so that they may be fired at once \ the arsenical mixture 
bums with the rapidity of lightning, while the other bums 
with comparative slowness. 

Ohs. — ^Of the chlorate of potash, Foiircroy re- 
marksy that it '^ seems to include the eiements of 
thunder in its particles. A cheiaist can produce* 
effects almost miraculous by its meao^ and na- 
ture seems to have concentrated all his power of 
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detonation, fulmination, and inflammation in 
this terrible compound/' Too neat caution 
cannot be observed in the use ofthis salt. By 
genihf triturating three grains of it, and one of 
sulphur, in a mortar with a metallic pestle, a 
series of detonations takes place resembling^ the - 
cracks of a whip. If strucK upon an anyit, the 
report is as loud as a pistol. Three parts of it, 
with half a part of sulphur and halt a part of 
charcoal, produce most dreadful and violent 
explosions. If this mixture be thrown into con* 
centrated sulphuric acid, a flame is produced so 
brilliant and strong that the eye can with diffi- 
culty support it. rFourcra^s JElemenis ofChe^ 
miitrtff p. 313.) The shocking death of the two 
individuak alluded to in page 270, and the burns 
which others have suffered by it, render it feared 
bf xhemists in general. The above mixture, it 
snould be remembered, ought always to be made 
moist, and never kept recufy mixed, as it is liable 
to spontaneous explosion. 

27. Into an ale-glaas of water put a few pieces of zinc, and 
m mall bit of phosphorui ; then drop a little sulphuric acid 
upon the mixture by means of a glass tube, as described at No« 
21, and phosphuretted hydrogen will presently be disengaged, 
which will inflame on rising to the surface of the water. 

Obs. — Dr. Thompson, to whom we are chiefly 
indebted for our knowledge of the properties of 
this gas, gives the followmg directions for ob- 
taining it : — Fill a small retort with water, aci- 
dulated by muriatic acid, and then throw into it 
a quantity of phosphuret of lime in lumps. 
Plunge the beak of the retort under water, and 
place over it an inverted jar filled with that 
liquid. Phosphuretted hydrogen gas is extri- 
cated in. considerable quantity, and soon fills the 
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glass jar. Half an ounce of phosphuret of lime 
yields about 70 cubic inches of this gas. — 
(Thompson's Sgstem of Chemistry ^y oh i. p. 272.) 
it may also be formed by boiling a little phos- 
phorus in a solution of pure potash. The water 
IS decomposed thereby and furnishes the hydro- 
gen. The retort should nearly be filled with the 
solution, otherwise the gas will inflame. 

2d. Take a small piece of phosphuret of lime a Uttle ,mois- 
tened by the air, and let a single drop of concentrated muriatic 
jMnd fall upon it. In this case phosphuretted hydrogen will 
also be evolved, accompanied by ' small balls of fire darting 
from the mixture, and the most intolerably fetid smell that can 
be conceived. 

29. If twenty grains of phosphorus, cut very small, and 
mixed with forty graihs of finely granulated zinc, be put into 
,four drachms of water, and two drachms of concentrated sul- 
phuric acid be added thereto, bubbles of infiamied phosphu- 
j«tlQd hydrogen gas will quickly cover the whole surface .of the 
.fluid in succession, forming a realaqueous fountain of fire. 

30. If any light substance capable of ponducting h^t, be 
placed upon the surface of boiling wateff^-and a bit of phos- 
phorus be laid upon it, the heat of the water will be sufficient 
to set the phosphorus on fire. 

. 31. If one grain of dry nitrate of bismuth be previously 
mixed with a grain of phosphorus, and then rubbed together 
in a metallic mortar, a loud detonation will be produced. 

32. Drop a piece of phosphorus about, the size of a pea into 
a ti^mbler of hot water, and from a bladder, furnished with a 
stop-cock, force a stream of oxygen gas directly upon it. This 
will afford the most brilliant combustion under water that can 
be imagined. 

33. Put a little alcohol in a tea-cup, set it on fiie» and in- 
vert a large bell-glass over it In a short time an aqueous 

. vapour will be seen to condense upon the inside of the bell, 
which, by meanaof a dry sponge, may be collected^and ita 

N 4 
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quantity aioertaiiied This may be addooed as an eiample of 
the formatiOD of water by combustioD. 

34. Take a small piece of pute potash, gently breathe on its 
surface, and place it on an insulated plate connected with the 
negative side of a powerful galvanic battery in a state of intense 
activity. Then bring a metallic wire from the positive side of 
the battery in contact with the upper surface of the alkali, and 
soon a very vivid action will be observed. Small globules, 
having a high metallic lustre, and of the appearance of quick- 
silver, will be seen, some of which will bum with explosion 
and a bright flame as soon as they are formed. Thus potash 
may be deconbposed, and its metallic base rendered visible in a 
separate state. 

35. Take the metallic substance formed in the last experL 
ment, called potassium, make it very hot, and confine it in a 
small glass vessel of oxygen gas. Here a rapid combustion, 
with a brilliant white flame, will be produced, and the metallic 
globules will be converted into a white and solid mass, which 
will be found to be regenerated pure potash. - % 

36. Place a small piece of potassium within a dry wine-glasS, 
and in order to acquire an idea of its specific gravity pour a 
little alcohol, ether, or naphtha upon it ; when, quitting the 
bottom of the glass, it will immediately rise to the suiface of the 
liquid, it being, notwithstanding its metallic appearance, one 
of the lightest bodies known. 

37. If a little potassium be dropped into a jar of chlorine gas» 
it bums spontaneously, and emits a bright red light. In this 
experiment a white salt is foraied, muriate of potash. 

38. If a globule of potassium be thrown upon water, it de- 
composes it with great violence : an instantaneous explosion is 
produced with brilliant flame, and a solution of pure potash is 
the result. 

39. If a similar globule be placed upon ice, it will spon- 
taneously bum witha bright flame, and perforate a deep hole 
in the ice, which will contain a solution of potash. 

40. Take a piece of moistened turmeric paper, and drop a 
globule of potassium upon it At the moment that it comes 
nto contact with the water, it bums and moves rapidly upon 
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llie paper^ as if in «eaich of moisture, leaving behind it a deep 
reddish brown tiace. 

41. When a globale of sodium is thrown into hot water, the 
decomposition of the water is so violent that small particles of 
tfie metal are thrown out of the water, and actually bum with 
scintillations and flame in passing through the atmosphere. 

VII. EXPERIMENTS WITH THE EARTHS* 

1. Test for the presence of lime. — ^Pour a little lime-water 
into a wine-glass, and put some solution of oxalate of ammonia, 
equally transparent, into another glass. If the two clear 
liquors be poured together, a white precipitate of oxalate of 
lime^ill immediately become visible. 

Ohs. — The oxalic has a greater affinity for 
lime than any other acid ; and as it forms with it 
an insoluble substance, it is the most proper test 
for discovering this earth. 

2. To show the effects of carbonic acid upon lime. — ^Pour 
a little lime-water into a phial, and throw some carbonic acid 
into it. The carbonic acid will seize the lime, and precipitate 
it in the state of carbonate of lime. 

3. Take the phial made use of in the last experiment, with 
its contents, and convey an .additional portion of carbonic 
acid into it. The carbonate of lime will now be re-dissolved, 
and the liquor rendered transparent. 

Obs, — By these two last experiments, it appears 
that lime with a small quantity of carbonic acid 
is insoluble, and soluble with a larger quantity. 

4. Take the transparent liquid produced in the last experi- 
ment (No. 3.) and give it heat. The earth will now.be pre- 
cipitated in the state of carbonate of lime, as before. 

5. Pour some lime-water into a wine-glass, and a little solu- 
tion of, carbonate of potash into another glass. When these 
two transparent fluids are thrown together, an abundant preci- 
pitate- of carbonate of lime will be the consequence. 

5. Proceed as in the preceding experiment (No. 5.)v but in« 
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•tnd ofcatbonateof polasbpoaraaolataoiiofEptoin nUinld 
one of the g1a«eL Wbeo thew tmitiMreat flv^ are poand 
together^ a mixed precipitate of carbonale of magnena and 
nlphate of linae will be produced. 

7. Take in the nme manner* Kpantely» lime-water and a 
lolution of alum. The union of these solutions will produce a 
mixed precipitate of alumina and sulphate of lime. 

8. To produce u precipitate from ivotraniparenfJluitU, — 
If a strong solution of caustic potash and a satunted solution 
of Epsom sak be mixed, the union of these transparent fluids 
will produce also an abundant precipitate. But this will consist 
of magnesia and sulphate of pc^ash. 

9. To detect carbonic act^.— To a glass of water suspected 
to contain carbonic acid, add a small quantity of any of the 
other acids. If carbonic acid be present, it will become visible 
by a sparkling appearance on the sides of the glass and surface 
of the fluid. 

10. Get two glasses of pure water, and into one of them 
pass a single drop of sulphuric acid, and mix it with the water. 
Pour a little muriate of barytes into the other glass, and no 
dbange will be perceived; pour some of the same solution into 
the first glass containing the sulphuric acid, and a white pre- 
cipitate of sulphate of barytes will be i»oduced. 

Obi. — ^The most singular property of barytes 
is the tenacity with which it nolds tne sulphuric 
^cid when combined with it* It has such an 
lenity for It, that it will not part with it eyen to 
pure alkalies, Henc^ pure barytes will decom- 
pose sulphate of potash or sulphate of soda. 

11. Tett/or /e<u/.-^Prepare two glasses of water as before, 
conduct the experiment in the same way as the last, but instead 
of mpriate of barytes use nitrate of lead. In this case sulphate 
of lead wjU be precipitated. 

. Ottf.-m-Lead forms ^m insoluble compound with 
sulphuric acid, and hence the latter is sometimes 
used to detect the presence of this deleterious 
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metal ; but the best test is a solution of sulphu- 
retted hydrogen, or of some hjdrosulphuret, <?• g. 
To the suspected liquid add a little of this test, 
and if lead be present, it will give it a dark 
brown or blackish tinge* This test, however, is 
somewhat ambiguous, for it also blackens solu* 
tions of bismuth, silver, and some other metals, 

12. Fill a glass tumbler half full of lime-water ^ then breathe 
into it frequently, at the same time stiiriog it with a piece of 
glass. The fluid which before was perfectly transparent, will 
presently become quite white, and if suffered to remain at rest, 
real chalk will be deposited. 

Ob$. — ^When intended for new experiments, 
pure lime should always be kept in well stopped 
Dottles; for without this precaution, it would 
soon absorb carbonic acid, and become carbon- 
ate of lime. If lime-water be exposed to the air, 
it will soon be covered with a pellicle of carbonate 
of lime from the same cause. In like manner, 
if a little lime water be put into a glass sjphon, 
and the legs of the syphon held upwards so as to 
enable a person to blow through it without the 
liquor running out, the breath will be found to 
^ive a milkj colour to the lime-water, and car- 
Sonate of lime will be seen forming at the bottom 
-of the liquor, which will effervesce with acids, 
-and have every chemical quality that it had when 
in the quarry. This change is owin^ to the ab- 
sorption of carbonic acid from the lungs — car- 
bonate of lime bein^ a compound of lime 28 and 
carbonic acid 22 : its equivalent number there- 
fore is 50. 

VIII. EXPERIMENTS WITH THE METALS. 

]. Repare two glasses of rain-water, and into one of them 
drop a single drop of sulphuric acid. Pour a little nitrate of 
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silver iato the other glass, and no change will be perceptible. 
Pour some of the same solution into the fiist glass, and a white 
precipitate of sulphate of silver will appear. 

2. To detect the presence of silver in solution,— PrtgxK 
two glasses as in the last experiment, and into one of them pot 
a drop or two of muriatic acid. Proceed a» before, and a 
precipitate of muriate of silver will be produced. 

Obs, — Silver has such an affinity for muriatic 
acid that the latter is employed as a test for de- 
tecting silver in solution. 

3. Again take two glasses, as in experiment No. 1, and 
into one of them put a drop of sulphuric acid, and a drop or 
two of muriatic acid : proceed as before with the nitrate of 
silver^ and a mixed precipitate will be produced, consisting of 
muriate of silver and sulphate of silver. 

4. To separate the metallic salts of silver whenever they 
occur in a state of mixturej-'^Tsikt' Sl glass containing the 
mixed precipitate of the last experiment, and give it, by 
means of a lamp, the heat of boilmg water. The sulphate of 
silver, if there be a sufficiency of water, will now be r&djs- 
solved, and the muriate of silver will remam separate at the 
bottom of the vessel. By this method tbeae metallic aahs, 
whenever they occur in a state of mixture, may be aepaiated. 

6. To produce a true muriate of lead.^^ilixx one ouacse of 
litharge of lead with one drachm of muriate of ammonia, in 
powder, and submit the mixture to a red heat in a clean tobacco- 
pipe. The increase of temperature will separate the ammonia 
in the form of gas, and the muriatic acid will combine with the 
lead. When the compound is well melted, pour it into a 
metallic cup, and you will have a true muriate of lead of a 
bright yellow colour, the brilliancy of which may be much 
heightened by grinding it as usual with oil. In this state it 
forms the colour called patent yellow. 

Ob9. — ^Muriate of lead, when fused in earthen 
crucibles, produces that useful pigment called 
Turner's yellow, or patent yellow, much used in 
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oil painting. The introduction of the artificial 
chrymate of lead, a yellow of much greater bril- 
liancy, has lessened its consumption. 

6. Metallic revivification, — ^Take one ounce of red lead, 
and half a drachm of charcoal, in powder, incorporate them 
well in a mortar, and then fill the bowl of a tobacco-pipe with 
the mixture. Submit it to an intense heat in a common fire, 
and when melted, pour it upon a slab. The result will be 
metallic lead completely revived. 

7. Drop upon a clean plate of eopper, a small quantity of 
solution of nitrate of silver; in a short time a metallic vegeta- 
tion will be perceptible, branching out in very elegant and 
pleasing forms, furnishing an example of metallic revivification. 

Obs. — ^Lead may be converted into an oxide 
by heating it in a situation where it can have 
free access to atmospheric air. All the oxides 
of lead may, however, be reduced to the metallic 
state by heating them with a mixture of tallow 
and charcoal, or any substance that will absorb 
the oxygen. This may readily be shown by plac- 
ing a few grains of red lead upon a piece of 
charcoal, and fusing it with a blow-pipe. Even 
the oxide of lead, which is combinea with flint 
glass, may be revived by melting the glass with 
any carbonaceous substance. 

8. Vitrification of Metals. — ^Take a little red lead, expose 
it to an intense heat in a crucible, and pour it out when melted. 
Th« result will be metallic glass, and will furnish an example- 
of the vitrification of metals. 

9. Dissolve an ounce of acetate of lead in about a quart or 
more of water, and filter the solution. If this be put into a 
glass decanter, and a piece of zinc suspended in it by means of 
a brass wire, a decomposition of the salt will immediately com- 
mence, the lead will be set at liberty, and will attach itself to 
the remaining zinc, forming the metallic tree, which has been 
attributed to Dr. Black. 
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10. Ptoeuie a phial with a glan itopper accurately gcoand 
ioto it ; iDtroduoe some copper wire, thea eotiRly fill it with 
liquid ammoniay and stop the phial so as to exclude all atmos- 
pheric air. If left io this stat^ no solution of the copper wil' 
be effected. But if the bottle be afterwaidi left open for some 
time, and then stopped, the metal will dissolve and the solu- 
tion will be colourless. Let the stopper be now taken out, and 
the fluid will become blue^ b^;inning at the surface, and 
spreading gradually through the whole, if this blue solution 
has not been too long exposed to the air, and fresh copper 
filings be put in, again stopping the bottle, the fluid will once 
more be deprived of its colour, which it will recover only by 
the re-admission of air. These effects may thus be repeatedly 
produced. 

1 1. To effect the solution of a metal, — Pour concentrated 
nitric acid upon pieces of iron, and very little action will be 
aeen : but if a few drops of oa/cr be added, a most violent 
eflervescence will immediately commence \ the acid will be 
decomposed with rapidity, clouds of red nitrous gas will be 
evolved in abundance^ and a perfect solution iA the metal 
efiected. 

] % Take any solution of iron, a chalybeate water for instance, 
and add a small quantity of succinate of ammonia; in a little 
time a precipitate will be visible^ being succinate of iron. By 
this test the quantity of iron in any solution may be accurately 
ascertained. 

13. Test for lead and other pernicious metals.-^ln like 
manner add sulphuretted hydrogen to a solution of lead, and a 
deep brown precipitate will be occasioned. 

14. To precipitate one metal by means of another. — ^Dis- 
solve some quicksilver in nitrous acid, and drop a little of the 
solution upon a bright piece of copper. If it be then gently 
nibbed with a bit of cloth, the mercury will precipitate itself 
upon the copper, which will be completely silvered. 

15. If a little nitro-muriate of gold be added to a fresh solu- 
tion of muriate of tin, both being much diluted with water, the 
gold will be precipitated of a purple colour, forming that 
beautiful pigment called the purple precipitate of Cassius. 
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Obs. — Gold is also used in a state of solution, 
for staining ivory and ornamental feathers. It 
gives a beautitul and durable purple red; 
even marble ma^ be stained with it. The 
nitro-muriatic acid is the menstruum, used 
for this purpose. The potters dissolve gold in 
this waj, to be applied to the common sort 
of porcelain. Bismuth or zinc will precipitate 
gold from this solution. Sulphuret of potash 
will likewise dissolve gold. 

16. Take a phial with a solution of sulphate of zinc, aod 
another containing a little liquid ammonia, both transparent 
fluids. By mixing them, a curious phenomenon may be per- 
ceived : — the zinc will be immediately precipitated in a white 
mass, and if then shaken, almost as instantly re-dissolved. 

17. Add a colourless solution of galls to a solution of bismuth 
in nitric acid equally colourless, and a brown precipitate will be 
produced. This a distinguishing characteristic of this metal. 

Obs. — Some of the French chemists recom- 
mend the use of the oxides of bismuth for dyeing, 
to fix some particular colours. It is said that 
pomatum, prepared with the oxide of bismuth, 
will turn the hair black. 

18. Tests for copper and arsenic, — ^If a colourless solution 
o^ arsenic in caustic potash be poured into a colourless solution 
of copper, a green precipitate will be produced, forming an 
aneniate of copper similar to an ore found in the Cornish mines. 
These metals may be thus reciprocally detected. 

Obs. — Roman vitriol, much used by dyers, 
and in many of the arts, is sulphate of copper. 
Fowling-pieces and tea-urns are browned by 
washing them with a solution of this salt. Ver- 
digris is an acetate of copper. Blue verditer, 
much used for staining paper for hanging rooms, 
is a nitrate of copper comoined with hydriate of 
lime. The beautiful grass-green colour of the 
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shops, called mineral green, is precipitated in a 
peculiar way from sulphate of copper, by means 
of caustic potash, and oxide or arsenic. The 
colour known by the name of 8cheele*s green is 
an arsenite oi copper. The colour called 
Brunmtiek green is a triple salt, formed with 
potash, copper, and the tartaric acid. 

19. To shew the fixity of noble metals, — Alloy a piece of 
silver with a portion of lead, place the alloy upon a piece oF 
charcoal, attach a blow- pipe to a gasometer charged with 
oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heat by pressing upon the machine. When (be 
metals get into complete fusion, the lead will begin to bum, 
and very soon will be all dissipated in a white smoke, leaving 
the silver in a state of purity. 

Obs. — Some solutions of the oxide of anttn^ony 
are very powerful, and even poisonous when 
taken interpaliy, unless in small doses. 

20. If oxide of cobalt be dissolved in ammonia, a red so- 
lution will be produced, different in colour from that of all 
other metallic oxides. 

Obs. — The oxide of cobalt forms the most per- 
fect blue colour we are acquainted with. 

21. If nickel be dissolved in nitric acid, a beautiful gieea 
solution will be formed. The oxide of this metal is used to 
give a delicate grass-green to porcelain, and like other metallLQ 
colours, bears the intense heat of their ovens without injury. 
A hyaeinthine colour may be given to flint glass by melting it 
with this oxide. 

22. If colourless prussiate of potash be added to a solution 
of titanium, this metal will be precipitated also of a green 
colour. 

23. Add a little colourless solution of galls to a clear aoluticMi 
of antimony in nitro- muriatic acid, and the metal vrill be pre- 
cipitated of a pale yellow colour. If oxide of antimony be 
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precipitated from nitro-moriatic acid, the precipitate will be 
vhite. 

24. If a solution of tuagstate of potasli be poured into a 
solution of the green sulphate of iron, a yellow precipitate will 
fall down. By this experiment the distinguishing characteristic 
of this metal is exhibited. 

25. If a solution of the green sulphate of iron be dropped 
into a nitro-muriate of gold, the last metal will be immediately 
precipitated. In this state it is often employed in gilding 
china. 

26. If flowers, or any other figures, be drawn upon a riband 
or silk with a solution of nitrate of silver, and the silk, moist> 
ened with water, be then exposed to the action of hydrogen 
gas, the silver will be revived, and the figures, firmly fixed 
upoD the silk, will become visible, and shine with metallic 
brilliancy. 

Obs* — By proceeding in the same manner and 
using a solution of gold in nitro-muriatic acid, 
silks may be permanently gilt at a most trifling 
expense, and will exhibit an appearance the 
most beautiful that can be conceived. 

27. To the same solution of gold add about a fourth part of 
ether; shake them together, and wait till the fluids separate; 
the upper stratum, or ethereal gold, is then to be carefully 
poured off into another vessel. If any polished steel instrument 
or utensil be dipped into this solution, and instantly plunged 
into water, the surface will have acquired a coat of pure gold. 

Obs. — This is a very elegant and economical 
mode of preserving polished steel from rust, 

28. If nitro-muriate of platinum be mixed with a fourth part 
of its bulk of ether, and the mixture suflered to settle, the 
ethereal solution of platinum may be decanted as in the pre- 
ceding experiment. Polished brass, and some other metals 
immersed in this solution, will be covered with a coat of pla- 
tinum. This process may be applied to many useful purposes. 
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Obs. — ^Mr. Strauss, after many experiments, it 
is said, succeeded in applying platinum to the 
coating of copper with as mucn ease as the com- 
mon operation of tinning. The durability of 
this metal, and its resistance to acids and saline 
matters, must render this a most valuable dis- 
covery. 

29. Pk«pare a very dilute and colourless solution of platinum 
by dropping a small quantity of the nitro-muriate of that metal 
into a glass of water. If a single drop of the solution of muriate 
of tin he added to this, a bright red precipitate will be instantly 
produced. A more delicate test than this of any metal cannot 
be conceived. 

Obs. — ^This is the only means yet known to 
discover when gold has been alloyed with pla* 
tinum. 

30. K a morsel of the dried cryttali of nitrate of silver (not 
the lunar caustic) be laid on a piece of burning charcoal, the 
metallic salt will immediately deflagrate, throw out the most 
beautiful scintillations that can be imagined, and the sur£soe of 
the charcoal will be richly coated with metallic silver. 

31. Add to a colourless solution of nitrate of mercury an 
equally colourless solution of sub-borate of soda. A double 
decomposition will be produced; and a bright yellow preci- 
pitate of borate of mercury formed : giving an instance of dif- 
ference of colour in metals, by their union with different adds. 

32. Into a dihited solution of sulphate of copper, pour a little 
Tiquid caustic ammonia. This will precipitate the copper of a 
blueish white. During its examination, however, the precipitate 
will be re<dissolved, and a beautiful blue liquid^ called aqua 
celestis, will be the result. 

33. To $hrw that metals become insolitiie the moment 
they impart their oxygen to foreign hodiei, •^Dissolve a few 
crystals of nitro-muriate of gold in about eight times their 
^ght of pure water 3 place a thin slip of charcoal in the. solu* 
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tioQy and heat the whole by means of a sand-bath. When the 
solution has acquired nearly a boiling heat, the gold will pre- 
cipitate itself on the charcoal, in its metallic splendour, forming 
a singular and beautiful appearance. 

34. To illuttrate the deoxidizing power of the sun^s 
rayi. — Proceed as in the last experiment, and expose the vessel 
with its contents to the rays of the sun. Here the metal will 
be seduced, and the charcoal as effeatually gilt as before. 

35. Drop a little leaf-gold into nitro-muriatic acid» and it 
will instantly disappear. 

Obs. — This experiment is desig^ned to show the 
^eat solubility of the metals, when submitted to 
a proper menstruum. Gold has so little affinity 
for oxygen, that it cannot be easily oxidizea, 
like the other metals ; this, however, may be ef- 
fected by amalgamating it with mercury, and 
applying heat, or by dissolving it in nitro»mu« 
riatic acid, and precipitating it with e solution 
of potash. See p. 139. 

36. Pour a little purified nitric acid into one wine-glass, and 
muriatic acid into another; and drop a little leaf-gold into 
each. Here neither of these corrosive acids will act at all upon 
the metal, the gold will remain untouched. But let the whole 
contents of the two glasses be added together, the metal will 
disappear, and be as effectually dissolved as in the preceding 
experiment. 

37. Mix a little metallic arsenic, in powder, with a few zinc 
filings, and then if treated with diluted sulphuric acid,arsenuretted 
hydrogen gas may be collected, which bums with a peculiar 
kind of lambent white fiame. 

38. If a portion of arsenuretted hydrogen gas, issuing from 
a very small tube, be set on fire, and then immersed in a large 
glass receiver of oxygen gas, and the stream of the gas kept up 
by the pressure of the bladder, a blue flame of uncommon 
splendour will be produced. 

39. Take an amalgam of lead and mercury, and another 
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aoQftlgam of bismuth, let these two solid aiiialg;ami be lritun(ed» 
.and they will imtantly become fluid« 

40. If a little piue white calomel be nibbed in a ^aaa 
mortar with a little colourleai aoliition of caortic ammonia, the 
whole will become inteniely black. 

41. On exposing a little of the solutioa of solphate of man- 
ganese in a glass phial to the light of the sun, its rose colour will 
entirely fade. (This is anotiier experiment to show the deoxi- 
dizing po wet of the sun's rays. ) If the phial be removed into a 
dark room, the original colour of the solution will be restored. 

42. If about a drachm of pulverized sulphate of copper be dis- 
solved in a little bailing water, and an equal quantity of pow- 
dered muriate of ammonia in a separate vessel, in hot water, and 
the contents of the two glasses be mixed together, a quadruple 
salt will be formed, which gives a yellow colour to the solution 
while hot, and becomes green when cold. 

43. Mix three grains of sulphur with nine grains of dry 
nitrate of silver, and lay the mixture in a small heap on an 
anvil, or on any piece of solid metal. If the mixture be now 
struck smartly with a cold hammer, the sulphur will inflame, 
but no detonation will ensue. 

Ohs. — ^This is an instance of a metallic salt being 
decotnposed, and a combustible substance in- 
flamed, by percussion. 

44. If the experiment be repeated, and the mass be struck 
with a hot hammer, the mixture detonates, and the silver is re- 
duced. 

45. Example of peculiar ajlnities. — Pour a solution of 
nitrate of silver into a glass vessel, and immerse a few slips of 
copper in it. In a short time a portion of the copper will be 
dissolved, and all the silver precipitated in a metallic form. If 
the solution, which now contains copper, be decanted into an- 
other glass, and pieces of iron added to it, this metal will then be 
dissolved, and the copper precipitated. 

46. Melt a portion of grain tin, and pour it into a metallic 
cup. Allow it to cool till it be congealed to some depth, then 
pierce the solid crust, and carefully pour out that portion which 



EXPEEIMENTS. 287 

is still liquid. If what remains in the vessel be soffered to cool 
etitireiy, it will present rhomboidal crystals of considerable si^e, 
ibrnied by the assemblage of a great number of small needles 
longitudinally united. Treat silver in the same way^ and you 
will procure a metallic mass crystallized in quadrangular oc- 
tohedral prisms. 

Obs. — These two last experiments will succeed 
better if the metal be poured into a vessel with 
an orifice in the bottom, which must be stopped 
with a proper plug, and this removed as soon as 
the upper crust hardens ; the liquid metal will 
then run out, and that which is congealed will 
exhibit a regular crystallization. 

48^ TAe tree of Diana, — Make an amalgam with four parts 
of silver-leaf and two of mercury, and dissolve this amalgam m 
diluted nitric acid. Then add water to the solution, equal to 
30 times tlie weight of the metals employed, and put the whole 
aside for use. If an ounce of this solution be at any time poured 
into a phial, and a small piece of soft amalgam of silver be 
dropped in, filaments of reduced silver will shoot from it, and 
extend upwards in the form of a shrub. ' 

49. If two parts of sulphate of copper, and three of carbonate 
of ammonia (the one a blue, and the other a white salt), be 
rubbed together in a glass mortar till the carbonic acid be ex- 
pelled, the mass will become soft and humid, and, when dried, 
form a crystalline powder of a most beautiful deep violet 
colour. 

Obs. — This compound was formerly called cwp- 
rum ammoniacum, 

50. If a little colourless and recently prepared muriate of tin' 
be poured into a rich green solution of muriate of copper, the 
copper will be deprived of a portion of its oxygen, and a white 
muriate of copper precipitated, 

51. Into the phial containing the white muriate of the last 
experiment, pour a little muriatic acid. The precipitate will 
quicldy be dissolved, and the solution will be colourless. 
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^. Procure tome tolotioa of ralphate of tfon at the m mmiimi 
of oxidizeiiieDt, by digietting iron filings with the eommoa mA' 
phate. Into thii, when filtered, drop a little of the solotkm 
of prassiate of potash, and a while praiuate of iron will be pie* 
cipitated. 

53. If a very little colourleas nitric acid be added to a edatioii 
of sulphate of iron» prepared as in the last experiment, the -addi- 
tion of the prussiate of potash will produce not the white, but 
the blue prussiate of iron. 

54. Pour pure nitric acid on the black oxide of manganese, 
and no solution will be eftcted. But if a little sugar be added, 
the sugar will abstract a part of the oxygen from the nitric acid» 
and then the acid will be enabled to dissolve the metal. 

55. Expose an ounce of nitric acid for an hour, in an open 
phial, to the direct rays of the sun, and pour another ounce of 
the same acid, that has not been so exposed, into another phial. 
If a little of the black oxide of manganese be now put into 
each, the oxide in the Jirst phial will be dissolved, while that 
in the other will not be afiected by the acid. 

56. If a piece of bright silver be dipped in a solution of sul- 
phate of copper, it will come out unchanged: but if the blade 
of a clean pen-knife, or any piece of polished iron, be dipped 
in the same solution, the iron will instantly put on the appear- 
ance of copper. 

57. Take the piece of silver employed in the last experimeut^ 
hold it iff contact with the iron, and then, in this situation • 
dip them into the same solution, and both wilt be covered with 
copper. 

58. Dissolve some oxide of nickel in caustic ammonia, 
which will produce a solution of a rich blue colour. By ex« 
posure to the ur this gradually changes to a purple, and lastly 
to a violet The addition of an acid will, however, convert 
the whole to a green. 

59. With the green solution of the last experiment, poor 
caustic ammonia upon it. The original blue colour will now 
be reproduced. 

60. Prepare a colourless solution of tartrate of potash and 
antimony (the common emetic tartar), and pour into it a little 



liquid sulphuretted hydrogen. This will oombine with the' 
metallic oxide, and form an orange-ooloured pndpitatep 

61, Melt together equal parts of copper and antimony^ the 
one a yellow, the other a white metal, and the alloy that result* 
from this mixture will take the colour of the violet. 

02. If the gray sulphuretted oxide of antimony be AisediB ft> 
crucible, a beautiftil transparent glass is proclir6d» whieh iv 
called the glass of antimony, N. B.— This takesithe ooloar of 
the hyacinth. 

63. Dissolve dry nitrate of silver in pore water; adda littla. 
oil of turpentine, shake the mixture^ and cork it dose. Sub- 
mit the phial with its contents to the heat Of bdling water for 
an hour, when the metal will be revived, and the inside of tb& 
phial, where the oil reposed on the aqueous sohition,. will be 
beautifully silvered, the revived metal forming a metallic lings 
extending quite round the phial. 

64. Dip a slip of white silk in a soluti<m oi nitio*miiri«lsr 
of gold in distilled water, and dry it in the afr. Silk thus pre- 
pared will not be alteied by hydrogen gas : but if another 
piece of silk be dipped in the solution, and estposed while vtf 
fo the same current of hydrogen gas, inMant signa of metaliio 
reduction will appear; the colour will change ftOm ydlow t» 
green, and a brilliant film of reduced gdd will s6on glitter on 
its surface. 

65. If a piece of silk be hnmersed in a sdlcition of nittatfr of 
silver, and dried in a dark place, and then* sdbittitted to hy- 
drogen gas, the silver will not be leduced ; but if expoaed whUe 
wet to a stream of the same gas, the surlbee will cfnickly be 
coated with reduced silver: various colours^ such' as bhie, pur-' 
pTe, red, orange, and yellow, will accompany the reduction 
and the threads of the silk will look like silver whe. 

Obs. — During these e^eriments, the siHc should 
be constantly kept wet with distilled water. 

66. To produce a variety of beautifiU eoUmrs, — ^Dissolv^ 
some'erystah of muriate of tin m distilled water, then dip a 
piece of white nlk in -thrsoliilioii^. and dry it in the air. If 
thSa436 now immaised^ia bjisdiogeni gas^ no «faMige wfll be ob- 

o 
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lerved; but if tt be exposed wbUe tcei to the same correDt of 
gasy the nductkm will aoon comineaoe» attended with a great 
▼ariety of beautiful coloun, as led, yellow, orangey gieen and 
Uuey varioiisly intermixed. 

67. Plepare a utroog solution of pho^horus in sulphuric 
ether* and dip a piece of white silk in the solution; then, 
when the ether has evaporated, and the phosphorus hegiaa to 
ftime^ apply a lolution of nitro-miiriate of gold, made by dis- 
solving the crystals of that salt in distilled water; the silk will 
in an instant be covered with a splendid coat of metallic gold. 
- 68. Proceed as in the last experiment, and instead of the 
sdlution of gold, apply, with a camel*s-hair pencil, a solution 
of nitrate of silver. Here the silver will instantly be restored to 
its metallic brilliancy, and frequently attended by spangles of 
a beautiful blue. 

69. If a bit of white silk be immersed in an ethereal solu- 
tion of gold, and dried, the application of phosphorized ether 
will only impart a brown colour to the silk; but if, as soon as 
the phosphorus begins to fume, it be placed on the palm of 
thft band, and breathed on for a considerable time, the brown 
will be succeeded by a purple tmge, and the metallic lustre of 
the gold will soon begin to appear. 

J 70. ** An aqueous solution of nitro-muriate of gold,** says 
Mis. Fulhame, ** was poured into a china cup containing some 
phosphorized ether; instantly the gold began to assume its 
metallic splendour, attended with a variety of colours, as pur- 
ple, blue^ and red, the beauty of which cannot be described ; 
but which depends on the difierent degrees of the reduction.** 
. 71. With a needle pass a thread through a small bit of phos- 
phorus, previously freed from moisture by immersiug it in 
alcohol. If this be suspended in an aqueous solutiou of nitro- 
muriate of gold, in a few minutes the phosphorus will become 
covered with pure gold. 

72. If a piece of white silk be dipped in an aqueous solution 
of nitro-muriate of gold, and exposed while wet to sulphurous 
acid gas, the whole piece will in a few seconds be covered with 
a coat of r^neeA gpld, which remains permanent. 

73.' If ft piece of white silk be immersed in an aqueous solu- 
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tion of aitittte of siWer» thoroughly dried in fhe daik, and then 
exposed to sulphurous acid vapours, it will suffer no change ; 
nor, if it he wetted with alcohol and then replaced in the 
vapour, will any sign of reduction appear; but if it he wetted 
with puce xpater, and then exposed to the vapour, metallic silver 
vfill immediately be seen on its surface. 

Obs. — ^To perform these experiments, a glass 
funnel is a convenient apparatus. The silk may 
be suspended bj a thread passed throufi;h it, and 
made fast to the funnel with a cork. The funnel 
is then to be placed on a table, and by moving it 
a little over the edge of the table, a lighted 
match may be readily introduced, and when the 

Slass is full of vapour, the match may be with- 
rawn. The vapour is confined by sliding the 
funnel back upon the table ; and thus the pheno- 
mena of the experiment may be easily observed. 

EXPERIMENTS TO RE-PRODUOE METALS. 

(ik)' Dip a piece of white calico in an aqueous solution of 
acetate of lead, and then drop a little solution of sulphuret of 
potash upon it. If this be now placed in the palm of the hand, 
the lead will be observed gradually to revive, and will socni;^ be 
reduccxl to its metallic state. 

(6.) Dissolve some sulphuret of potash in aleohol, and im- 
merse a slip of white silk in the solution. If a drop of ,an 
aqueous solution of sulphate of manganese be now applied, 
.films of metallic manganese^ bright as silver, will instantly 
appear. < 

(c.) If a bit ''of silk be immened in diluted acetate of lead, 
and exposed while wet to a stream of sulphuntled hydrogen 
.gas, a brown tinge will instantly difiuse itself, like . a passing 
shadow, over the whole surfaice of the silk, accompanied with a 
bngbt coat of reduced lead, resembling silver. 

(</.) If a piece of silk be immersed in an aqueous solution of 
muriate of tin, and exposed while wet to a stream of fhe same 
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mw c oB m 01 ^nw ongMMM wvi ■nnnaiMBiy oofcroie 
and inalittietiiiiettowiilbeaooompi a ie d 'bywrii^ 
ootom, tuebM bliit» onageMd purple. 

(e.) A piece of ulk Ireeted in the mbm way* but dipped in 
en equeoiM toimioii of muraie oi mucy wiu ut coveieu wmi 
mpkodcnt metallic anMBio» iMcDded wilh a eUfoe yellow 
ooiour. 

(fi) Prepaid two glmaea of Teiy dilute nitcate of oopper^ 
into one drop a little liquid amnxmii^ aod.iotatbe other, aome 
diluted aneuiate of potaab. The addition of thope two cft&itcr. 
Usi lolutlooi will produoe yery difieieat efibcts ; for the- one 
gla» will have an abuodaot precipitate of a brilliant aapphire 
bluei and the other a precipitate of a beautiful gnm greea. 

STMPAXHETIG IKKS^ 

U Willi opOD pap«witb • dibitad ioliitiMi pf muriate of 
copper^ when dfy it will ootbe virible^ but, <m being w a waed 
before the fire, the writing will become of a beautifol yellow. 

2. Write with a aolntico. of muriate of oobaltt and the 
writing, while dry, will not be perceptible; but if held towards 
the fite^ it will then giadually become Tiaible; and if the mu- 
riate of oobah be made in the naoriwey, the letteis will appear 
of an elegant gieen colour, 

9L Write witfi atiitate of cobdt, or wftha mmiate of cobnlt» 
pramusly purified from the iron whidi ii generally contains. 
When ttie writing b become dry, there letterewfll aho be in- 
▼isible.* Warm the paper ar lit^ and'fhe writing wfil be re- 
atorod to a beautiful blue. 

4. Draw a landscape with Indiau'ink, and pemt the folhigi^ 
of the vegetables with muriate of cobalt, the same as that oasd 
itt-Bxperiment No. 2., and some of the^wers with acetate of 
eebalt; and others wifii muriate of copper. While this plctnve 
is odkl it will appear to be merdy an outlme-of a landscape, or 
winter scene; but when gently warmed, the trees and fiow^eis 
will be displayed In their natural colours^ which they wHl pre- 
serve only while they continue warm* This may be often 
repeated* 



Ob$.-^The acetnlie of teoiislt i» alnvmys <6f n «^ed 
«<doiir in the cold sohition, h\st as a ttyaspath^lic 
4idc, wbefi inrarmed, it is a fine ibi^. 

•5. Write "With n dilute df nltmte of Biker, wWch, Wheb dry, 
will be entirely invisible ; hold the paper over a vessd containtn^ 
#rfphateof ammcmia, and Ihe writing ^vrill appear very distintiit. 
The letters wSi shine wf(!h the metallic brilliancy of silver. 

6. Write wNhtt solution oflritlrate or ace^te of lead. When 
«he writhkg is di^ ft t«^l be invisible. Then having prepared 
m ^tass decanter: with a )fttle sulpburet <3f iron strewed ovtf the 
Jbottoin of it, pottr ft Iftfle very dihite suiphtnric acid upon the 
wdpliuvet, so a& nm ito wet the mouth of the decanter, and 
«ttpeiid the writhig, by iMans^of the glass stopper, wtdiin the 
decanter. By an attention to the paper tfie wriChig will be- 
come visible by degrees, as the gas rises from the bottom of the 
vmmA. . . 

• 7. Write wfA a weak witrfion df su^iftufte of Iron, let it dry, 
and it will be invisible* By 'dipping a "feather in thictme of 
galls, and drawing the wet feather over the letters, the writing 
will be restored and appear black. 

8. Write with a aamilar solution, and when dry, wash the 
'letters in the same way wkh pruauate of fotash^aod they will 
be restored of a beautiful blue. 

9. Write with a solution of sulphate of copper, wash as be- 
fore with prussiate of potash, and the writing will be revived 
of a reddish brown colour^ 

10. Write on paper with a solution of nitraie of bismutk; 
when this is dry tiie writing will be invisible; but if the papa 
be exposed to sulphuretted hydrogen gas, the words will be 
distinctly legible. 

11. A letter written with a diluted solution of bismuth be- 
comes, when dry, ill^ble ; but a feather dipped in a solutioa 
of sulphuret of potash will instantly blacken the oxides and 
revive the writiag 

- 1 . Take a slip of blue litmus paper, dip it into veetots add^ 
«ndit wiHimmediaNeWbeodmered, Thitisatest to delicate, 
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flnt» aoooidlog to Bagman, it will delact iht pieMBoe of ml- 
phone add, etca if the water contain only one part .of acid.lD 
thirty-five thooMnd paita of water. Litmui paper, which haa 
been thmchanged by inunenion in adds, », when dried, a 
good lett for the alkaliea; for if it be dipped in a fioid con- 
taining the malleit portion of alkali, the red wiU dinppear, 
and the paper be rettorad to ita original bloecoloar. 

2. Take a allp of turmeric paper, and d^ it into any alkaline 
aolution ; thia will change the ydlow to a deep brown. In 
many caiet tmrneric it pieferrable to litmus paper for delecting 
alkali in solution, as it suffers no change fiom caibonale of 
lime, which is often found in mineml walen. This paper 
will delect the presence of soda, thou^il should amount to no 
more than ijydth part of the water. 

Ob$. — ^The paper thus changed bj an alkali, 
would^ if dried, oe still useful as a test for acids, 
as these restore its original yellow. 

3. 5ti5/tiiMi/t9fi.-*Into a large glass jar, inverted upon a 
flat brick tile, and containing near ite top a branch of fredi 
rosemary, or any other such shrub, moistened with water, 
introduce a flat thick piece of heated iron, on which place some 
gum benzoin in gross powder. The benzoic acid, in con- 
sequence of the heat, wOl be separated, and ascend in white 
fumes, which will at length condense, and form a most beauti- 
ful appearance upon the leaves of the vegetable. This wfll 
serve as an instance of sublimation. 

4. Introduce a little carbonate of ammonia into a Florence 
flaak» and place that part of the flask which contains the salt 
on the surfiUce of a bason of boiling water : the heat will soon 
cause the carbonate of ammonia to rise undecompoaed, and 
attaeh itself to the upper part of the voMel, exhibiting another 
example of simple sublimation. 

5. Mix a little acetate of lead with an equal portion of sid*- 
phate of zinc, both in fine powder ; stir them together with a 
piece of glass or wood, and no chemical change will be per- 
ceptible: but if they be rubbed together in a mortar, the two 
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solids will operate upon tiich Other; an intiaiale imion -will 
takfe place, and a fluid will be produced. '■ * i ' . 

Ohs. — If alum or Glauber salt be usied instead 
of sulphate of zinc, the experiment will be 
equally successful. 

6. Pour a little water into a phial containing about an ounce 
of olive oil.' Shake the phial, and if the contents be obserredy 
we shall find that no union has taken place. But if some 
sobtion of daustic potash be added, and the phial' be then 
shaken, an intimate combination of the materials will be 
formed by the disposing affinity of the alkali, and a .perfect 
aoap produced. 

7. Put a little common sulphur into ooe-eighth of its weight 
of nitre^ into an iron dish, place it under \ jar of oxygen gas, 
and set fire to it by means of a red hot iron, and sulphuric acid 
will be formed. This is an example of theforoMtion of an 
acid by .combustion. 

8.. Take the acid formed iQ the last experimept, concentrate 
it by boiling, ^mix it with a little powdered charcoal, and 
submit the mixture in a Florence flask to the heat of an Ar- 
gand*8 lamp. By this process sulphur will be regenerated, and 
will sublime into the neck of the flask. An instance of the 
decomposition of an acid. 

9. Melt sulphur in a small iron ladle, and carry it into a 
dark room in a state of fusion. If one ounce or two of copper 
filings be now thrown in, light will be evolved. • 

10. Fuse a small quantity of bhre in -a crucible, ahd^ wheH 
in complete fusion, throw pulverized coal into it by small quan- 
tities at a time. The carbonaceous matter will decompose the 
nitre, and the bituminous part will bum away without acting 
«pon it 

Ohs. — ^This experiment will show the mode of 
analysing coal; for every 100 grains of nitre 
decomposed in this way, denote ten grains of 
carbon. 

11. If hot water be poured into a glass jar of cold water. 
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UwMwmu^atfhtimfMe: M if opld walar he pou^d 
upon hot Wilier, it wm smk to tht M^M of the vewd. , Ths 
^^JMMMfM^ gy^y bt nodcBed mon obviopi hy ookraring that 
poitkA of the wiler which ie poured in. 

0&i«r— Hie object of thb ezperanent 10 to d>ow 
the change of tne specific gravity of the Monu 
hodjt merelj by the agencj of caloric 

18. laloaglMiofwalerQBetwiiiiigajmiUpoitipaofooni- 
■MMieilt»diopeQiiie of theeleer eoliktoof oJInili.Qf iilw, 
md as iaaoliiblo peadpiMe of uusiale of ahrar will lie pao- 



Oftf .-^This experiment is intended to gite tlie 
pnpil seme idea of the method ef analjsing 
mineral waters. Eferj 100 grrains of this pre- 
eipitate, when dried, indicate 42 grains of com^ 
inonsalt 

13. Into a ghee of Aix-huChiqieUe Wats', or water holding 
a mall portion of potadit drop alitdeof thetololkmofnitro- 
indriate of platinnm* and an immediate ydlow^pteeii^lBte witt 
bo produced* 

06«^— His is another instance of the nature 
of the means usuallj employed to detect whaU 
ever substances may be dissolved in mineral 
.waters. 

14. Into distillsd water da>p a little spiriAuooi eolfition of 
soap^ and no ohenucal efibot will be perqeiyedi but if aome of 
the aane eohitioa be edded to baid walei^ a miikinwi will be 
teaadiatel J produced, mom or hm, aooording to the d^gupe of 
ill impurity. 

06f •— This a ^ood method 6f ascertainii^ the 
eomparative punty of spring water. 
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New French Weights and Measures [computed by 

Dr. Ure.) 

l.-^M^tLsHHi d/ Imsth< the M^e hek^ nd »2«, omI the 

English inches. 

MiUimetre = . •OaoaP' 

Centimetre =» -39371 

B^oiMn) ^ 3-98708 

1hiell«« — 39*37079 Mil. r«r. Yds. Feet. In. 

DeoiidielK^ ^ » 303-707^ * 0. 10 2 9.7 

Hecatometre = 393707900 = 109 I 1.078 

SilMKiet» to a9370'79009 -= §4 «13 1 10.3 

Myriometre « 39370790009 «« « 1 U6 9.17 

2.— 'ifeanlf e^ of Capadtp : Cutde inch amlam ^Sfiil Bujie^l 

grains of watery at 62®. 







OaMo intihes. 


Millilitre 


ss 


0-06112 


Centilitre 


= 


0-61130 /fN|MHll2. 


Decilitre 


—"■^ 


6*11208 GaltoM. Pints. 


litre 


^M« 


6112079 = 1.76377 


Decalitre 


^ 


611-20792 = 3 1.4464 


Hecatolitre 


. as 


«1 1207920 =3B S2 0.2640 


Kilolitre 


.MM 


61120-79208 = 220.47 


Mynolitre 




611207-92080 = 2204.71 



• Recertty detenmned 1^ Ci^tain Kater to be 39-370'^9 inches. 
nMdl. trans: 1818, p. 109). 
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3.-M 



-0154 
-16a 

l'M33 JwirdMpoit. 

15-4330 Pwiad. 

154-3300 s= OjOSS 

1543*3300 = 0.330 

15433*0000 ^ 3-304 

1543300000 s t8iM7 



Correspcmdenee of EnrlUh Weights amd Mea^ 
turet wUk those used m France before the 

Revolution. 

§ Ij^Wsigkts. 

The PM rfapo u iidyjwiirfgdiwarc of CharicBMigiie, CQBtaiai9316 
VnriB gfalm; It te mrided Into 16 ovnoei) e«cli ounce Into 8 gvo^ 
and each gra Into 73 gnim. It Is equal to 7561 EngUih troy 
graine. 

Tlie Engllih troj poond of 13oanoet oontaina 5700 Eng^khtroy 
grainy and Is eqnal to 7031 Paris gfains. 

The Eoi^ish aToirdnpols pound of 16 ooioes contains 7000 
AigUih troy grainy and Is eqnal to 8533*5 Pteii grains. 

To reduce 
Paris grains to BigUsh troy grains, divide by ?«.aioo 
EngUdi Ivojr grains to Paris gndns, multiply by ) ^ ^^^^ 

Toreduse 

Furis ounces to English troy, diride by > -.^- - .^ 

English troy ounoes to Pluris, multiply by ^iUAd7<M 

§ 3/— Loup and CMeai Meaturet, 

To rednce 
Paris running feet, or inches,intoEnglish, multiply by > , g^JLm 
Enfritoh rumdng feet, or incher^ hkto Padft divide by } ^'^'^^^ 

To reduce 
Parish cubic fbet, or inches, to English, multiply by > . o. .^^t, 
English cubic feet, or hichei^ to Ftois, dlrids by f 1 211878 
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Correspondence between English and other Foreign 

Weights and Measures. 

l.-^Eft^Hth Weights and Medmfw. 

Troy Weight. . / 

Pound. Ounces. Drma. Scruples. Graini. Orammet. 
1 a 12 » 96 « 288 » 5760 = 372-96 
1b 8 s 24 b 480 » 31-08 
la 3 « 60 » 3*886 
1 s 20 B 1-295 
1 » 0-6476 

ATCHrdnpois Weight. 

Pound. Ounces. Drms. Ondns. Onunmcs. 

1 » 16 » 256 » 7000- » 453-25 

1 a 16 » 437*5 sr 28-328 

1 B 27*34375 » 1*7705 

Measures. 

Oal. Pints, Ounces. Drms. Cubic Inch. Litres. 
1 B 8 =: 128 » 1024 » a 3*78515 

la 16 » 128 » 28*875 » 0*47398 
Is 8 » 1-8047 a 0*02957 
1 a 0*2256 » 0*00396 
N. B. — The English ale gallon contains 282 cubical inches. 
The wine gallon ccmtains 58176 Troy grains 5 and the wine pint 
7272 Troy grains. 

11.— Germott. 

71Ibs. or grs. English troy . a 74lbs. or grs. Germ, apoth. wt • 
1 oz. Nuremberg, medic, weight « 7 dr. 2 sc. 9 gr. English. 
Imark Cologne » 7oz.2dwt.4gr.£nglijahtroy. 

lll^JDutch. 

I lb. Dutch a lib. 3 oz. 16 dwt. 7 gr. English troy 
787|lb6. Dutch » 10381b6. English troy. 

W.^'SwedUh Weights and MeaiureSy used by Bergmann and 

Scheele. 

The Swedish pound, which is divided like the English apothe- 
cary, or troy pound, weighs 6556 grs. troy. 

The kanne of pure water, according to Bergmann, weighs 
42250 Swedish grains, and occupies 100 Swedish cubical inches. 
Hence the kanne of pure water weighs 48088.719444 English 
troy grahis, or is equal to 189.9413 English cubic inches^ and the 
Swedish longitudinal inch is equal to 1*238435 Engtish longi- 
tudinal inches. 
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Md1VaMhfool,Meilibliriiedbyt^ Boyil Sooety nd Frendi 
ItJiiiiMj of fliinirri_ An fnnoTflmr miBben h« Mocrtaioed : 

PteligraiMlBaFifflieifeleibat«rwiiir«lfi69F. -> 645511 
EngllihgiiiMfaiaPluriiciUie ftwtorwaler . -5S992S 
Pariigf^MiBuEMlUiciibefeotorwirtcr . -539247 
Eagllihgi«iMiBuEBffiihciabe foot qT water » 437480-4 
Ei^lMigi«iMiottiEi^UiariMliichof wirtcr - 253*175 



AiacvUelbot of water wci|^ very newly 1000 ovBces aroir. 
dopoii^ the i|pedic fravitioi of bodki caiwum the onooeo in a 
cnhlclbotofthflBythe deMity of water bdi« called 1000. 
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CHEMICAL TERMS. 



AbtofpHon. The passage of a gm or Tapoar, into a liquid or 
solid substance; >or of a li<p]id into the pores of a solid. 
Obr.— If muriatic acid gas be tlurown into water, the water 
becomes acidulonfB, and absorption of the gas is said to 
haye taken place. When a gas loses its gaseous pro- 
perties by combination, it is said to be al^orbed ; but 
this term is not employed, when iqpeaking only of the 
condensation of a gas by cold or pressure. 
AeetomHer. An • instrument for measuring the strength of 

yinegar. 
Aettetnt. Sofastanoes which become sour spontaneously, or 

yeg^etable and animal juices^ r 
Aecention, A term employed by the old chemists to denote sud- 
den infiammation or conflagration, by the mixture of two or 
more substances. 
AcetaUi. Salts formed by the combination of acetic acid with 

alkalies, earth and metallic osides. 
Atid^abie. Capable of forming an acid. Thus sulphur is said 

to be an acidifiable base. 
Aeidt, The most important class of chemical compounds. See 

page 81. 
AMiUe9, - A tenn applied to the natural combination of soma 
acids with a portion of potash. The oxalic acid and the tar- 
taric are the only acids that have hitherto been found in this 
state of semfi-saturation. 
Adapter, A chemical utensil fixed between the head of a still 
and its receirer. Hius a tube fixed on the head of a retort 
for the purpose of lengthening it, is called an adapter, and 
sometimes an adopter. A ressel having two necks when 
used for a sunilar purpose bears the same name. 
Aer^avm Fhiidt. Fluid substances combined with an additional 
portion of Caloric sufficient to give them the gaseous form. 
See Gaset, 
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4gkiUif^ Ckndeai, A tern wed to czpna iSbtk peodiv pnr 
polity wbkh dM few t ipcriw of —tttir hovo to ante 
ooch othor, orwith poftioM of itter ofthdrowBi 
See Chap. zzL po^e U7. 

«— — — ^ Affgrigitkm, A feroe Vv which two bodies of tte 
«aM« kindtcod to ooabiac^aad by which «i aggrqpide io 
tencd without the dbt^Jcal ptopertici of the 
beings all changed. 

rf CkfmpoHikm, Hw fcne by which aol 



d^nrmti kinds anlte, and by whidi Halter Is ftnned 
properties are dilKerent ftom those of the b(Mttes beibre their 
oombination. This attractifla Is stronger In p roper ti en astfce 
nature of the bodies is dillerent between whicdi It k exerted. 

Agmt. Any snbstance having the property of prodndng che- 
ndcal action Is called a chenrioal agent. 

Aggr^gaim, Substances whoseports we united byrohfiive»and not 
tpychemicnl attractiott. 8ee4^ni^^>4pfrifafion,p^^l57. 

itAwnsn. The modem naae for ooogulable lynph; or that 
peculiar animal snbstanos whidi Ibvms the serum of the 
bloody the white of eggn^ and other ooaqwunds. 

AkokoL Rectified spirit of wine. When good, its q>eciflc gravity 
k only 0.836. 

AUwMe. A term formerly given Io several stilis used by cbe- 
mists for their distUhitioiM. 

ASkaheH, The pretended univofsal solvent of the aaciettt die. 



AJkaJMCtmi, Anv substance in whicb alkaUne properties are be- 
ginning to be developed, or to predondnnte, is termed 
allLalesoent. 

AlkaUea. Peculiar substances which have a buraing and caustic 
tMte, and a strong tendency to combinatioH. When united 
with adds, they form mild alkaline salts. See page 05. 

AUoigt, A combination of any two metal% except mercury, is 
nlled an alloy : «. g. gold is alloyed either with diver or 
copper, for the purposes of coinage. See page 151. 

AVhtoial. Alluvial formations, in geology, are recent deposita 
in valleys or in plains, of the deMbu of the neighbou r ing 
mountaUis. Alluvial depositions are compos e d Zt gravel, 
loam, clay, sand, brown coal, wood coal, bog iron ore, and 
calc tuff. 

^lusMMfli. The pure base of alumina, which is thought to be of 
a metallic nature. 

Ame^lgam, A combination on mixture of meroury with any other 
metala, iscalled an amalgam. See page 15S. 

^umionkMa/ SaUt, Salts formed by the unkm of an add with 
ammoDia, or vdatUe alkali. 

AmalgHt. The resolution of a substance into its constituent part*» 
for the purpose of examination. See page 7. 
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AimeaHkig. The art of rendering sabetanees toogli which ara 
natiurally hard and brittle : e. g, glass and iron are annealed 
1^ gradaal cooling ^ bnu» and copper by heating, and then 
sadaily plunging them in cold water. 

ApparattUy Chemical, All the utensils made nse of in a dieniioal 
laboratory j the principal of which consist of atilte, fnmaces^ 
cradbleS) retorts, receivers^ matrawps, worm-tubs, pneumatic 
troughs^ thermometers, &c. See Plaiet, 

Apjfroui. Bodies which sustain the action of heat for a con- 
siderable time, without change of figure or other propertiea,. 
have been designated by this term. 

^reamfiii IhtpUoatitm, The old name for what is now called 
sulphate of potash. 

Anometer, A graduated glass instrument with a bulb, by which 
the specific gravity of liquids is ascertained. 

Argil, The old name for alumina, or conunon clay. 

ArgiUacwiu. A term applied to those earths which contain al- 
lumina or clay. 

Aroma, A termiaaed for the odour which arises from certain 
▼egetablei^ or their infusions. 

Artendate. A salt formed by the combination of any base with 
the arsenic add. 

A9he$, The fixed residue of combustible substances^ which re- 
mains after being burnt, is called ashes. In chemistry it is 
most coomionly used to denote the reridue of Ycgetable com- 
bustion. 

Astaig, The operation of determining the quantity of Taluable or 
precious metal contained in any mineral or metallic mJzture, 
by analysing a small part thereof. 

Aimameter, An instrument contrived by Professor Leslie for 
measaring the quantity of exhalation from a humid surface 
in a given time. 

Aimospherei. This term is used to express the degree of ad- 
ditional pressure given to fluids. Thus^ if, in order to im* 
preg^ate water with any of the gases, I g^ve it a pressure of 
15lbs. upon every square inch of surface, I am said to give 
it one atmosphere; if SOlbs. two atmospheres, &c. See 
page 12. 

AttracHon, Chemical attraction is a term synonymous with 
affinity. See page 157. 

Azote, A name given by the French chenusts to nitfrogren. 

Balance. A lever, the axis of motion of which is farmed with an 
edg^like that of a knife; and the two dishes at its extre- 
mities are hung upon edges of the same kind. See fig. 
Ob». — ^The be^ning and end of all chemical processes 
consist in weighing. 

BaUoon. A term given by the French to their spherical chemical 
receivers. 
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Tolu, ke, 

IW btn of tlM cirtli odM btrytM. 

An iiiHi—ial which Aowv the TartaliaB ^ the 
W Utt ■fgiphw^ bytefMeorMlafftoo- 
of mercwy la a glaiB tuhe aitftchcd to m gmdn- 
ated plfltc 

•r^oMT. A rhfintl tef mmtlj affiieil to cMrtfa% aikafii 
or the metal, which ieeoabined wfth«i aeM toldmaflUt. 
BmUu, VeMrisfordiitlllatioaorili8«illoQ,oi«tii««d to 

beet gradnaUyand reipilarly. 
BmOityStrnd. VcaMte filled in part with Ary Mid, in which 

are placed which eeqaire a greater heat than oMi be gifcn hy 
boiling water. IVj are often called janMeotf*. 
WaUr. Ve«cb of boHiag water, in wfakh ether 



containing the matters to be distilled or digeeted are placed 
in order that the mbm heat may be kept np thnraghont the 
whole of any particular prenem. 
Obt.^mA eonsideraUe greater bant amy be givini to An 
water bath by dioMilnog Tariow ealte In it Thne a eatn- 
ratedoolntionorooamMnoelt bails at 236^3'» wl9^V. 
Fahr. above the boilhig poiai of water, lly neiiV so- 
lution of mnrinle of lime^ a hath ofanyteBperstnrefroB 
212** to 252^, may be oonveniently obtained. 
Bmuoutti. Salts fonaed by the combfaMtion of any base with the 

benaoicacid. 
Bittem. The Diother-liquor reatfdning after the crystellizatian of 
sea salt. It gcnendl y oontalas salphate of magnesia, and a 
^■anll portion of sulpnale of soda. 
Btfnsien. A generic term, applied to a rariety of fesal inflam- 

nmble sabetancea, 
BkwJ^. An instnoaent to hicrease and direct the flame of a 
lamp or candle for the aaalysb of nunerali^and Air otiier che- 
mical purposes. 
BeU-Ueod, A round chcancal Teasd with a hmg ned^ naually 
employed for digestions. It is also called a matrass. See 

figr- 12, pi. I. 
Borates. Salts formed by the combination of any base with the- 

add of borax. 
Aortm. The undeoomposable base of boracie acid« 
BhUtcn. A name giyen to the mall rofmd pieoe of metal which 

is found at the bottom of a crucible after a metallic ore or an 

oxide of metal has been rednoed. 
CafeareoiM. This term is applied to describe dialk, DMrble, and 

all other combinBtionB of lime with carbonic acid^ 
CaicmatUm. The application of heat to saline, metaUic> or other 
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and yet' preserve theni in apalTeraient ffum. 
Cahric. The chemieal term for the matter of heat* 
■ ». , ., JFVee, is caloric in a separate state, or if attadmd to other 

wbstanceSy not cheadcaU^ united .with them. See page 18. 
^ Lateni^ is the term m^de use of to eipreas that povtkm of 



calopc wUic)i is chem^caUy united lo any sufaatanseso as to 
. .become a jmiH of the saidsubetan^. See page \% . 
CtiJiorimtier, An instrament for ascertainiii^ tiie .quonthy of 

caloric disengaged from aaj sobstaace that may be the cSject 

of experiment. 
Calx, A term formerly used to describe a metadlio ootide. 
Campkoratea, Salts formed by the oombination of any base with 

the camphoric add. 
CqpiUary, A tena usoaUy applied to ithe rise of the sap in 

yegetablesy or the rise of any flmd in very small tabes; 

•wmg to a peculiar kipd of attraction, oaUed capillary at- 

tnUition. 
Ctg^nieg. Small saucers of day for roasting sanftles .of ons^ and 

for smelting them to ascertain their valoe. 
C^tput M^Mmm. A. term, signifying dead'headf being that snb- 

stance which remains in a retort after distillation to dryness. 

See Renduum^ which is the modem term. 
Carbon, The basb of charcoal. See page 180. 
Carbonaief. Salts formed by .the ooo^ination of any base wifli 

carbonic add. . See. page 122. 
Carburets. Compound substances^ of wliich carbon farms one of 

the constjtii^ parts. Thus piumbagOy which is oo m p oa od 

of carbon and iron, is called carburet of iron. See page 

248. 
Coie-hardening. A process by which certam metaltie artides ^bre 

made to possess all the hardness of steel wifli the toBghneas 

of iron. 
Gorsj^. A term ased by min^ns to dMngaish the opaqve «pe» 

dmens of sulphate of barytes. 
CaauHcity. That quality in certain substances by wfaidi they 

burn or corrode animal bodies .to whidi Aey are appKei. 

It is best ex|dained by the doctrine of chemical affinity. 

See page 165. 
,Cimmd, Whatever is employed to mute or cement things 
' together of the same or di&rent kihds^ may be caUed a 

cement. In which sense it indudes lutes, glues, and solders 

of every lund, 
CemmtatUm. A process by which metals are purified or changed 

in their qualities by beat without fusion, by means of a com- 
position called a cement, wiUi which they are covered. Thus^ 

iron by being kept along time in a certain degree of heat, 

surrounded by charcoal powder, is converted into steel. 
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€%m^fktmi». A tern d f aatptl f e of thoie miiMnl waten wliicli 

M JBjpwgMlftd wtth faNMi. Sm MfarHtii 
CkmtoaL Wood bunt In clooe Tawla: It it on o&kle of carbon^ 

ondgOBefmlljoontainsamoUportioDofHltiaiKlearfh. Its 

a orb onocoooo mtter nay be oooYerted b j cooibuatioii iato 

corbcnieoddgoi. See page 181. 
Ckaloiftmi. A tena nvch ooed bj the ntndi cbemfala to 

4lMeribe a ppopcrt j Is aome oMtallie and other ihetancea vt 

▼aiyiaf their ookwira aeodrdbg to the why in which they are 

held } aa la the caae with the fealhera of aoaie Mrd% which 

appear very dinsreiit when aeen In Anerent piwifloni. 
€;ktri, A ttrm made oae of In deeerlbing a q>eefeo of aliceoBB 

atone% which are ooarKf and lofter than common flint. It la 

oflan foond in large Bwmee In qoaniei of limeatone. 
Ckicridm» Componnd bodlea fonned hy the chemical naioB of 

any aahatair <i wHh chlorine. 
Ckkrtmt, A naam giren to the anhilanoe fomeriy xcalled ozy- 

mariatic acid, flee page 191. 
Cftnoamlai. flalta formed by the ooBdriaadon ofaayfaaae with 

the chromic add. 
CUndm. Mta formed by the combfawHoB of any baae with citric 

a«dd. 
Coai. Atennapplied tothe reddunm of anydrydiitUiation of 

aninMl or Tegetabie matter. 
C ot erf ow. A force inherent in all the particlee of all nbetanoeBy 

excepting light and caloric, whidi preventa bodlea from 

fUttng in pleoea. Secif^laity. 
CaioftoMon. Whoi a dirtilled fluid la poured agafai upon die 

the matter than which it waa dietilled, in order to make it 

■tr o nger, it ia called cohobation. It is not much practiaed by 

modem chwulnti. 
C0ktmb€iU§. Salts formed by the combination of any baae witfi 

. tlie cdnmbic add. 
ComMaoMoR. A term mpmmhie of the intimate mdon of two 

or more aDbatancesj in oppoeltion lo mere medianieal 

miztare« 
Coaid«4fiNBr. Sobotances c^iable of comUning more or torn 

rapidly wltti oxygen. They are divided by diemista iato 

simple and compoond oombostlbles. 
Ccmbuttitm, The act of absorption of oxygen by condmstible 

. bodies from atmospheric or yital air. 
CoBiaifWMftoa. The redaction of hard bodies into small partidea. 

By this process the heaviest substances may be made to float 
in the lightest fluids. 
Coacmlrafton. The act of Increasing the qieclfic graTity of 
bodies. The torm is nasally applied to fluids whIdi are 
rendeied s tro ng e r by eraporating a portion of the water 
whioh they contain. 
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CimcnHons (Morbid), Solid depositfl, fonned by diseate in the 
soft parts, or in the cavities of animal bodies. 

CondentaUom. The act of bringing the component parts of 
T^wur, or gac^ nearer together by pressare, or by cold. 
Tlius atmoc^eric air. may be condensed by pressare, and 
aqueous .vapour by the subtraction of caloric, till it is con- 
verted into water. . - 

Cangdaticn, Hie act of fi«ezing. 

Crucibles. Vessels used in chemistry in the various operations of 
fusion by heat. They are made of baked earthy or metal, in 
the form of an inverted cone. See fig. 14, 15, 16^ 17, plate 1I> 

CrpstattizatUm. . An operation of nature in which various earthy 
salts, and metallic substances, pass "from a fluid to a solid 
state, asHnming certain determinate geometrical figures* 

CrpsialHzationy Water of. The portion which is oombmed with 
salts in the act of crystallizing, and becomes a compotuni 
part of the said saline substances. 

Cnq^l. A vessel made of calcined bones^ mixed with a small pro- 
portion of clay and water. It is used whenever gold and 
silver are refined by melting them with lead. The process 
is called cupellation. 

Deeombuition. I^onymous with Veoxidixemeni ; which seeb < 

Heoom/Hwifum. The separation of the conitituent principles of. 
compound bodies by chemical means. 

DecrepitaUfm. The sudden decomposition of salts attended with 
a crackling n<»se whenever such salts are thrown into a' red- 
hot crucible, or upon an open fire. 

' D^ftagraiion. The vivid combustion produced whenever nitre, 
mixed with an inflammable substance^ is exposed to a red 
heat. 

Deiiquetcence. Becoming moist, or liquid, by means of water 
which they absorb from the atmosphere, in consequence t^ 
the great attraction of saline bodies for that fluid. 

DeUquiumj is the state of potash, or any -ddiqueseent salt, when 
it has so far deliquesced by exposure to the air as to have 
become a liquid. 

DeUie. A term used by some of the French writers, signiiying 
to break by the action of the air, like a soft stone into layers. 
See Afmale* de Ckimiey tome xix. page 79. ' 

Deoxidixe. To deprive a body of oxygen. 

Deoxidizememt. A term made use of to express that operation 
by which one substance deprives another substance of its 
oxygen. 

DephleginaHon. Hie act of separating the water firom chemical 
liquors. 

Depuration. The purging or sqnrating any liquid in a state of 
purity from its feces or lees. 

ZMoRoAbn. A species of explosioii oommonly applied to. that of 
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ia • lifiM^ wWi tlw iVpiiartba of i 

MbilMMai to • palp « jcMlf. 
HMOMtai. AprooeMfor«pa»ti^thev«lirtil< 

ftt« the HMin iied, itod pMHTfior fliem tath Ib a 



thcjM^bednMm MttoS'OiitriBkiigtk ~ 

IMe^lMtfM. 1W MsMwliia ^ alMnd 

M. Thm iru ton drifMoil Mlrii of iiMni iiiiilliJil Mrtt nf 

JBMeoTBttoii. EzpreaiT« 0fllM p«Mcidisn«r mnbMBtt by 

whiHg wUh witer. 
JMr«MMM9. An telMtiM smObb whkh HikM plMe 

tela bodk% ucctiipaB* bj ^ anUn M^e of a 



A tana aoMBMlf apptted toAoModkw bodiaa 
wUoh beewae palimaleal «b iiApuwn ta the air, ia ooa. 
•eqaeaoe of the Urn of a pivt of tfnlr water of cryital 



Mk i rtieiip , A force fta bodle% hf wUoh Ihey anfleayoar to 

mkore thaatelTee to Dm pmlaii fima whisaee they 

4iqplaoed by eay caloraid teoe. 
£le««e .FMA. AaaMMnelttaeegftvaBto vapoataaad ^ 

Vapoor ia called aa daiUe flaid; gai^ a agnaaagaffcf eJastlc 

flaM. 
JgleeKpa ^MracMoar . A tofai ated by Barpaaa and oOien to 

deiignetf what Is aow aapwed by IIm worda Chemical 

4|piawp / waKo eep* 
gilia^i. The diaple oeaelila^ parte of bodlea which are 

iocapable of decompoiitioo j tiiey are f reqaeafly aalled pria- 

dplea 
SUq m M otL Aa fperatioa by which oae a ab d aun e la aspafated 

from aaother by faritn. It oMaiite in giTia^ the bmmm a 

degree of heat that wfllaMbe the amra Mble matter flaw, 

and not the other. 
JMMoMea. T¥e op eratiea of ladaelaif metallie ores or other 

•abeteacei to powder, and then mfadng them with water, lo 

tiiat the Kghter paite, wUoh are capable of miflpeafioa, may be 

poored off, and thas separated Arom the grroaaer partklea. 
JBaypmiaaa. A pecaiiarly d iaag r c eab ie wmtAl aifaing from the 

barning of animal and regetaMe matter in-doaa renehk. 
MMfA, A^opperToanlwitha mpdl oiiftoe^and paHiy Med 
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wHh irotfln tt to made hot, in order that the Tapoor of the 
waler magF rvuah mit with violence, and carry a stream of ahr 
with it to kiereaae the inteMity of fires. It is an instrument 
«f great antiquity. 
Sstmtcet. In chemistry and ^armacy, essences are the essential 
oils, obtained by distil!trtk>n, from odoriferous yegetable 



JBiMMtol 5air#. Hie saline substances fbund in plants, and held 
in solution by the water in which they are infhsed. lliey 
are obtained by evaporation and cooling. 

J?M«rr. Volatile fiquids formed by the dOistlllation of some of 
the acids with alcohol. 

MvaporoHon, The conyerrion of fluids into vapour by heat. 
See page 4a. 

EuckJoHne. A compound of chlorine and oxygen, consisting (^ 
about 82 dilorine and 18 oxygen. It may vrith propriety be 
called' the pnytoxide of chlorine^ as there are three other 
distinct ccMupounds of these gaseous substances, each possesik. 
Ingmore oxygen than eucUorine. 

BwBomeier. An iostrnment invented by Dr. Priestley for de- 
t^rmning the purity of any given portion of ahnospheric 
air. 

Mixpre$tifm. A term used in pharmacy, denoting the act of 
forcing out the juices and oils of plants by means of a press. 
By a similar term the expressed are distinguahed from tlie 
ewenffoloils. 

MaeicoaHon, The act of drying moist bodies. 

Ohs, It is effected in two ways j by exhaling the aqueous par* 
tides by the application of heat on atmospheric air, and 
by absorbing the moisture with soft and spongy sub- 
stances. Thus, small matters are dried by chemists with 
bibulous paper j and larger masBes, by spreading them on 
tablets of challL. 

Extracts. The soluble parts of vegetable substances, firat dis- 
sehred in fsfnxit or water, and then reduced to the consistenoe 
of a thick syrup or paste by eviqporation. 

Fat. An oily concrete ammal substance, composed of oil and 
carbon. See Ani$naX Oils, page 240. 

FienfientaHon, A peculiar spontaneous motion which'takes place 
In all vegetable matter when exposed for a certain time to a 
proper degree of temperature. See page 229. 

JHhrin. That white fibrous substance which is left after freely 
washing the coagulnm of the blood, and which chiefly com- 
poses the muscular fibre. See page 234 
MUniiiOH, A chemical pr o ces s for the depuration of liquid sub- 
stances. 
Oftf ...Bibulous paper supported by a ftumel is commonly 
made use of; but for expensive liquom diemists gene- 
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rallyvMalittk cwded cotton UgMj prened into the 
tube ofngloM funnel. The ▼ntniMe coneentnted ncidn 
ihould be filtered throogh poonded gloni. 

FbeUff, A tenn qipUcnble to that pmpe r lj of eome bodies of 
bearing agreat heat withoot being rolnttttied. 

flowers, Chradcally speaking, flowers are solid diy sabstanoeo 
reduced to a powder by snbUmation. Uras, we have flowers 
of arsenicy of sal-ammonjar, of salphuTy he^ which are ar- 
senic, sal-anunoniacy and sulphur, unaltered except in appear- 
ancie. 

Fhuiiet. Salts formed by the combination of any base with flnoric 
acid. 

FhMUtif. A tenn applied to all U<iuid substances. Solids are 
conTcrted to fluids by combiniiy with a cortain portion of 
caloric. 

FImx. a substance which Is mixed with metallic ores, or other 
bodies^ to promote their ftnion; as an alkali is mixed with 
silica in order to form glass. 

VbttU. A term which was fonnerly considered to be partly 
. synonymous with wdneral; but now chiefly employed to 
denote those animal and Tegetable remains of a former 
world, which have presenred their original form^ thougli 
buried within the earth and converted in some measure 
into substances similar to the matrices in which they are 
found. 

F^Uigmoui, A term sometimes made use of in describiog certain 
rapours which arise in chemical cperatimis^ haying the thick 
appearance of smoke. 

FulmUaNom, Thundering or violent explosion. We have ful- 
minating silver, fulminating gold, and other fulminating pow- 
ders, which explode with a loud report by friction, or when 
slightly heated. See Experiment. 

Funuuet, Vessels of various forms for the fusion of ore^ or other 
operations which require heat. 

— — f blast J^ are built for making iron, melting ore8,&c. 
They are so contrived that their heat is much increased by 
means of powerful bellows. A blacksmith's forge is a kind 
of blast furnace. 

fiomdj. Chemical furnaces for intense beats, so con- 



structed that they draw with great force, without the use 

of bellows. 
FMon. The state of a body which was solid in the temperatare 

of the atmosphere, but rendered fluid by the artificial appll- 

cation of heat. 
CkUUtUt, Salts formed by the combination of any base with gallic 

acid. 
(Ga/vanum. A new science which ofl^ a variety of phenomena, 

resulting from different conductors of electri^ty placed in 
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different circmnstaiiceB of contact ^ particularly the nenres 
of the animal body. See page 59. . 
Crongue. A term made use. of to denote the itony. matter whi6h 
fills the cavities, and accompanies the ores in the veins of 
metals. 
Gat, All solid substances, when converted into permanently 

elastic fluids by caloric, are called gases. 
Qaaeous, Having the nature and properties of gas. . ^ 

Optometer. A name given.to a variety of utei^s fMid apparatus 
contrived to measure, collect, preserve, or mix the different 
gases. 
CrOMmetry, The science of measuring the gases. 
Gelatine. A chemical term for animal jelly. It exists particularly 

.in the tendons and the skin of animals. See page Sd6:' 
Glau. Some metallic oxides, when fused, are called ^/flwf. They 
have somewhat of resemblance to common glass. 
, Photphoric, A vitreous, insipid, insoluble substance, pro- 
cured by boiling down phosphoric acid to a syrup, and then 
fusing it by an increased heat. 
■ CroLl. See SantUver ; with which it is synonymous. 
Olucine, The pure base of the earth, called . glucina. 
Gluten. A vegetable substance somewhat similar to animal 
gelatine. It is the gluten in wheat flour whidi gives it 
the property of making good bread, and adhesive paste. 
Other grain contains a much less quantity of this nutritious 
substance. 
Graduation, A process^ by evaporation, of bringing fluids to a 
certain degree of consistence, in order to separate. more easily 
the substances they hold in solution. 

. The division of a scale or measure into decimal or 
other regular parts. 
Grain. The smallest weight made use of by chemical writers. 

See Table of Weights, &c. page 297. 
Granulation, The operation of pouring a melted metal into water, 
in order to divide it into small particles for chemical purposes. 
Tin is thus g^ranulated by the dyers before it is disiwlved in 
the proper acid. 
Gramty. That property by which bodies move towards each 
other, in proportion to their respective quantities of matter. 
This is the property by which bodies fall to the earth. 
- (Specific). This differs from absolute gfravity inas- 

much as it is the weight of a given measure of any solid 
or ^id body, compared with the same measure of dis- 
tilled water. It is generally expressed by decimals. See 
page 3. 
Gums. Mucilaginous exudations from certain trees. Gum oon- 
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€Oijl|pflBi ■ JaNl|fCi^ ind Bltfoifeiiy with • 



MttpUt. Tut BMM fotVCriy fjHm to wC CHoMlMCtklll of 

■alphar wUh alkaU. It is now edied nlpharet &e potuh, 

BtpoHeChi, The oM Mie far wJ ph u ittted hyarogeiL 
H^rmHieaUp. A tons applied to the doifaig of the orlfloe 
if »^ghai tabe, m « to reoder It lir-tlght. Hermei, or 
Jfvearyy waofonMriy nppoaed tohsrebeen the fanreator 
of cheoiiiitrjr} hcnee, a tnbe wUdi was doaed for diemical 
pnpoMi waa aid to be licnietieallj or chrnicall j aealed. 
It iaandl^r daae hy nelttaif the end of the tabeby meana ^ 




which hare fomnd ao tatiawto an 
anloB with wator, aa to aolldHy the water and render it one 
of thdr ooM p en e a l partly are ealled hydrataa. Common 
i daA a d Ihne Is properly a hydfmtooflfane. 

Hpdhodaist. Compoonda fanned by the mdon of eertafai aab- 
otaneaa with hydriodk add. 

Jl|wbno.Cmnftonato». GoadrfnatloBa of caihon with hydrofcn are 
dcacribod by thia term. Hydro-«ari>onate gaa ia procored 
from moiatened charcoal by diotillatloo. 

J^y d hytw, AiinpleflBbatanee; one of the oonatftaentparta of 
water. See page 171. 

(Go#). Solid hydrogen uiitedlrith a Uunge portion of 
oalofic. It It the llgfateat of aU the known gasea. See 
page 171, Ac. 

Hpdrogentud Su^thareU, Certain baaea oombhied with nlphtt. 
retted hydfogen. 

HfdrofftareU, Combinatlona of aalphnr and hydrogen with the 
earths and alkaHeo. 

Hydrometer*. Inatnuncnto far aooertafaring the apedflc graiity 
of qpiritnona liqnoraor other flmda. 

Bif4ro4fxkbi, MetalHc ozldea combfaied with water. 

Bjfgnmeiers, Inatnunenta far aacertuningthe degree of mohtare 
in atmoepheric air. 

Hifffnmeope. This term iaaometimeioonaideredtynonymooB^th' 
^proNi0<«f, but the instrmneDtsare different; ortheacconnt 
of an improved hygroscope faiyented by Professor DesUe. 
^ his « Short Accoont of Experimentis*' W^ '^^• 

^^K^-^^lfgemSteA A term applied to substances which are com- 
bined with the laiigest posflible <{oantity of oxygen. We had 
fanneriy muriatic add, ozygeDlzed moriatic add, and hyper- 
oxygenized muriatic add. These latter terms are, howeyei^ 
gndnally iUlhig hito disuse^ and the tertna chlorinis ana 
onchlorine are aabstitoted for diem. 
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MgwUicn. The incandescence of a body, produced by extrinsic 
means, without change of its chemical constitution. 

Mneandeacence. The shining or glowing appearance of a heated 
substance. 

Mneineraiion. The burning of vegetables for the sake of their 
ashes. It is usually applied to the burning of kelp on the 
EeOrCooBt for making mineral alkali. 

Mneompat&de StdU. Salts which cannot exist together in solution 
without mutual decomposition being produced. 

Infiammaiion. A phenomenon which takes place on mixing cer. 
tain substances. The mixture of oil of turpentine with strong 
nitrous acid produces an instance of this peculiar chemical 
effect. 

InfiuUm. A simple operation to procure the salts, juices, and 
other virtues of vegetables by means of water. 

IfUolaHon. Sometimes used to denote that exposure to the 
sun which is made in order to promote the chemical action of 
one substance upon another. 

Integrant Particles. ' The most minute particles into which any 
compound substance can be divided Hmilcar to each other, and 
to the substance of which they are parts, are termed the 
integ^rant particles: e.g. The smallest atom of powdered 
marble is still marble, but if by chemical means the calcium, 
the carbon, and the oxygen of this marble be separated, we 
shall then have the elementary or constituent particles. 

Intermediates. A term made use of when speaking of chemical 
affinity. Oil, for instance, has no affinity to water unless it 
be previously combined with an alkali j it then becomes soap, 
and the alkali is said to be the intermedium which occasions 
the union. 

Iodides. Compounds formed by the union of any substance with 
iodine. 

Ittrium. The undecomposable base of the earth called yttria. 

KaU. A genus of marine plemts which is burnt for the prepara- 
tion of mineral alkali. The alkali is afterwards obtained by 
lixiviating the ashes, and then concentrating the saline liquor 
by evaporation. 

Kelp. An. impure mineral alkali, procured on several of the 
coasts of this island by the incineration of the sea vsrack 
(the Fucus of linnseus) and other sea weeds ; ai|d the infusing 
the ashes in powerful furnaces constructed for the purpose. 

Kermet Mineral. A medicinal preparation, formed by the union 
of sulphuret of antimony and potash. 

Laboratory. A place properly fitted up for the performance of 
chemical operations. 

JLactaies. Salts formed by the coml^mation of any base with lactie 
acid. 

Lakoi. Certain colours made by combining the colouring matte 

P 
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with oxide of tia, sine, Ac. 
Ob§j-~Thm priadiMJ hkm ara, 
Ue frooiflMMldcr. 
Immf^Argmd's. A Ihbp mmIi wed for 

BMde on the priaciple of a wind fnnaoe ; and thai prodneen 
> great degree of Ug;fat and bent withot MM* p. 
Lmu, A glaM ooorez on both mdm, for oonoentrating the K^a 
of the aon ; employed by ihr n i ii la in Auang refiractory sidi- 
itanoei which cannot be operated apon by an ordinary degree 
' ofheat. 

rev^^oMoa. The mfiflMniral proceM of grindiag down of hard 
mbetancee to aa impalpable powder on a etone with a mnBer, 
or in a mill adapted to the parpoM. 
I Ugki. The agent of Tiiion. 

Obi — Some phiUnopben regard light aa eonmeliBg of par- 

tidea of inoonoeiTaUe ndnatcnem^ emitted in an crc a ri on 

by InminooB badiei^ which nmre in atraight iine^at the 

rate of 200,000 milea per aeoond. Othen^ that it u m a a U 

' in certain undnlationay commnnlcated by tominoas bodiea 

to an ethereal flaid which lilla all apace. See page 4S. 
Liqu^faetitm, A term in aome inatanoea aynooymooa with the 
word JiuioHj in otheia with the word dtJigMMtemtef and in 
othera again with the word sohUkm, See pp. 37 and 43. 
Litharge, An oxide of lead which qppeara in a atate of Titrift. 
cation. It ia formed in the prooem of aeparating ailrer froaa 
lead. 
HxtviaHcn. The application of water to the fixed reaidaea of 
bodiea, for the porpoae of extracting the aaline part. 
I LtxMmm. A fluid Impregnated with an alkali, or with a aalt. 

ImU. a compoaition for doang the jnncturea of chemical Tea- 

aela, to prevent the eacape of gaa or '^ponr in diatiUation. 

O&t.— Glazier^a potty ia a Tery good lute for all the coaa- 

mon purpoaeaof a laboratory; but it ia neceeaaiy that the 

whiting be made thoroughly dry before it be mixed with 

the oil. Linaeed oil and afted alacked lime, well mixed, 

I and made thoroughly plaatic, form an excellent coating for 

retorta: if made thicker, thjandxture ia an impenetrable 
luting, that ia not liable to crack. 
JIfoceroMoa. The ateeping of a aolid body in a cold fluid. 
MdffiteHum, The undeoompoaablebaae of magneaia. 
MBUaiet. Salta formed by the combination of any baae with 

malic add. 
MalleabiUt^. That property of metala which gireathem the ca- 
padty of being extended and flattened by hammering. See 
ilf«to/#, p. 134. 
Martial. An old term for chemical preparationa of iron. Sea 
CAo^Aaole. 
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Mauieot A name giyen to the ffeUow oxide of lead, as minium 
IB applied to the red oxide. 

Matnua, Another name for a bolt-head; which see. 

MaJtrix. The bed in which a metallic ore is found. 

MM. That mass of metal which separates from the soorise in 
smelting ores without previous roasting^. 

MoMtrMMsm, The fluid in which a toUd body is dissolved: €,g: 
Water is a menstruum for salts^ gums, &c., and spirit of wine 
for resins. 

MtiaUic Oxides. Metals combined with oxygen. By this pro- 
cess they are generally reduced to a pulyerulent form; are 
dianged from combustible to incombustible substances; and 
reoeiye the property of being soluble in acids. 

Metallurgy. The art of extracting and purifying metals. 

BBneral. Any natural substance of a metallic, earthy, or saline 
nature, whether simple or compound, is deemed a mineral. 

IIHneraJixera. Metallic substances are said to be mineralized 
when deprived of their usual properties by combination with 
other substances. 

MbMrdlogy. The science of fossils and minerals. 

BSmeral Watere. Waters holding some metal, earth, or salt in 
solution. 

Minium. A name given to the red oxide of lead, commonly called 
red-lead. 

MoHeeule. The molecules of bodies are those ultimate particles of 
matter which cannot be decomposed by any chemical means.' 

Molpbdaiet. Salts formed by the combination of any base with the 
molybdic add. 

Mordanis. Substances which have a chemical affinity for par- 
ticular colours; they are employed by dyers as a bond to 
unite the colour with the cloth intended to be dyed. Almn 
is of this class. 

Mortar Cement. A mixture of lime and siliceous sand, used in 
masonry for the cementing tog^her the stones and bricks of 
a building. 

Matker-Watersy ot Methert. The liquora left after the cryatal- 
lization of any salts. 

Mucilage. A glutinous matter obtained from vegetables, trans- 
parent and tastdess, soluble in water, but not in oils^ or in 
spirit of wine. 

Mueitee. Salts formed by the combination of any base with the 
mucons or saccholactic acid. 

Mucus. One of the primary animal fluids, perfectly distinct 
from gelatin (Dr.Bostodi). 

Ohs,^^Tbe subacetate of lead does not aflect gelatin ; on 
the other hand, tannin, which is a delicate test of gelatin| 
does not afiect mucus. Both these reagents however, 
precipitate albumen; but the bichloride of mercury, 

p 2 
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for capeUatko, atnl othci piii iia wUA d 



JVktMw. Sdu Ibimrd b; the w hieWka of mnf bMe widi 

nnrialic iciil. 
NatrtM. Nathe cnlMtiate of loda, of vUcfa tkcre are (woUmI^ 



[■wortioBi that 
of LitiDDi or tMi 

■ ofaaacidiritb 



NOralu. MU formed by the ooaUntioo ^ uy b«e witt 
nitric add. 

mtngtK. A dmplc BDlataiic^ b; the TitaA cbemkls oiUed 
■lote. U enlen into a Tlrietj of CTopoiind^ and firvM 
Bwre than Ibrae parta la four at atDOvberfa: air. Sec 
page 176. 

Odhra. Aa ore of iroo. 

Odfmr. The cauoatioa of an odorifrroaa body la gonSy bb- 
(ribed to a portlaB irf Ike body itaelf, caoToMcd iaU lapoa-. 
H. Robiqiiet aayi that Id many caaa the odoivia wtDCtMot t« 
the rabatoaoe Itaelf but to a faa or rapiw wiling from ita 
combinallon with an apiirapriale rehlde, citable of diffajon 
in ■pace^^MM. Dt CUmU «t it Ftf. n. H. 

(W. Tbe dlnatiiictire character* of oil are lufiainaialiility, iatohi- 
bijlty in water, and fliudity, at lea« In a modarte lempeiM- 

Obi. — Oili are diatin^iihed into Bied or (at M^ wfaidi 



water, orunder 3308 by th 
Om. "Rte minrrnl hndlrafrom irhlrh mrtali arr n'ttiirtrd 
Opaeitj/. The property of obatnieting: tbe pnamgf irfligfat. 
Oxaiaitt. Salti farmed by the CMnbinatioa i^ any baae with 

oxalic add. 
' '«. Subrtancea caabined with OtyKen, In a proporlloB not 

■offldeat to prodace acidity. 

'iie. To combine oxygen with a body Withoat prododag 

addity : \a, (hia respect it USer* from addifioaUoa. 

UioN. Tb.e opeiatioa hj which any aobataBce to ComUned 

with osygen, in a degree not anffioent to ptudnoe adfity. 

See page 168, 
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€fscf9em, A aimple sabstenoe compodag ibe gretOegt pari <f 

water, and part of atmospheric air. See page 167. 
Ox^ffenCfiu. ChcygenooiiTertedtoagafleouaitatebjcaloric. It 

is also called Tital air. It fonne nearly one-fooith of atmoa- 

pheric air. See page 167. 
Oxiffftnixable, A term applicable to all bodies that combine with 

oxygen, and do not onit flame dnrii^ the combination. 
Oxygerkxe. To acidify a sabstance by oxygen. Synonymoos 

'mUhOxffggnaU; but the former is the better term. 
OxjfgemaUm, The prodaction of acidity by oxygen. 

06f .— This word is often used instead of oxidatiim, and 
freqaently confounded with It; \n$, it differs in being 
of more general import, as every anion with oxygen, 
whaterer the product may be, is an oxygenation; bat 
oxidation takes place only when an oxide is formed. 
Pdffing, The operation of sepanlting gold firom silTer by means 

of nitrons acid, and other medinms. 
Pelican. A glass alemMo with a tobolated capital, from which 

two opponte and crooked arms peas oat, and eater again at 

the swell of the yessel. The instrument is designed for ope- 
rations of cohobation, and is calculated to saye tiie trouble of 

frequoitly luting and unlutmg the apparatus. It is now 

seldom used. 
PeHete. A tlun skin whidi forms on the sorfeuse of saline solu • 

tions and other liquors, wheneTer they are concentrated to 

a certain point by means of the erapcnration of a portion of 

the fluid. 
PkloffUtcn. The supposed general inflammable principle of 

Statel. 
PkhgiiHcaied Alkali, A Prusnate of potadi. 
— — ^-*— ^— — Gas^ mtrogen or aasote. 
M'hotgene Oat. Chlorocarbonoos acid. 
Pkoihaiet. Salts formed by the combination of any base with 

phosphoric add. 
Fki^pkUet. Salts Ibrmed by the combinati<m of any base with 

phosphorous add. 
i^Jbo^pAorvfcenee. A light emitted by some substances at conmion 

temperatures^ and which giTCs rise' to an appearance thus 

called. See page &3. 
Pkoapkwreis. Substances formed by an union with phosphorus. 

ITius we hare phosphuret of lime^ phosphuretted hydrogen, 

&c. 
PMamei9r. An instrument oontriTed for measuring the compa- 

rative intensity of light. 
Plumbago. Carburet of iron, or the black lead of commerce. 

See page 248. 
l^wnmaMc. Any thing relating to the airs and gases. 
— — « trough, A vemel filled in part with water or mer- 
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jf tottepwpM«r«olkotliVgflM%MthMlliey 
leidUy raDav«d from om vcMd to nothcr. 

The MeteUc iMM of the alkaU cdled polMli. 
AMiry. The ait of wttking cvtbcnwan^ and intiBntely 
Mcted with chembtry, not onty ftwn the greet net 
earthen Teewii by thrtikim, h«t alee beeaaae ell the 
of thie ert, end the neeoe of ^pnhe&ag^ en drpriident on 
Ihleeeiaioe. 
Pomdtr cf Aigomi h, Th e white aide ef antiBioi^y tivown 

down from thenrariete by water. 
J^ee^ptfefe. When a body ie diMolTcd ia a 6iild ie either whole 
or hi pert made td Mperate end ftU down in the concrate 
etate, this tatting down ie catted prec i p ita tion, and the matter 
thae eeperated ie called a precipitate. 
. JMM, red oside of mercury by heat. 

ISwL^fifntUm, That diemieal p roeeBi by which bodice diewited, 
mixed, or eotpeoded ina flnid, are eeperated from that flidd, 
and made to gra:ritate to the bottom of the TeaKl. 
PnutkiUt. Sahe formed by the combination of any baee with 

pruricecid. 
Putr^fkcHim, The qiontaneoBB deeompoeition of each animal or 

iregetable mettcre aa exhale afetidanell. See pege S33. 
P^riiet, Native componnde of metal with ■olphnr. Some are 
eidphnrete of irony end ottieni eolphureta of copper, with a 
portion of alamioa and eiUca. The fonner are worited for 
the take of the aBlphnr, and the letter for eolphar and 
copper. They are aliw called Marcasites and Fire-atone. 
P^et^ marHtU, That qpedee of pyritee wMch contains iron for 

itabaeia. 
Pyrameier. An inatnunent invented by Mr. Wedgwood for aa- 
oertaining the degrees of heat in fnmaoea and intcoae firea. 
See PkiloMoph. Trans. toI. IxiL and IxiT. 
pynpkor, Compouid sabatanoes which heat of thenuelTes, and 
tid^e fire on the admisnon of atmoq[>berlc air. See Weigleb'a 
System qfChemitirp^ quarto, page 082, &e. 
Oftf.— 4Some very good pyropbori may be made by simfdy 
ndxing three parts of alum with one of wheat flour, cal- 
cining them in a common phial till the blue flame disap- 
pearSykeepiDg it well stopped with a good cork, when cold. 
If this powder be exposed to the atmosphere, the sn^nr 
attracts moisture from the air, and generates sufficient 
heat to kindle the carbonaceous matter mingled with it. 
Pyroseops. An instrument invented by Mr. Leslie for measmrinp 
the pulsatory commotion of the. air, or the intensKy of the 
heat darting continually from the fire into a room : it will 
also mark the pulsations from a cold surface. 
Quartaiion, A term used by refiners in a certain oparation of 
parting. SeeLewfa*s Com, TscK page 135. 
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ftiuirtx. A name giwea to a variety pf flUioewui earths umally 
mixed with a small portion of lime or alwnina. Mr. Kirwan 
confines the term tothe|nir«r kind ofalica. Rock crystal 
and the amethyst are species of quartz. Professor Jamieson 
divides this mincnd genns into two species, viz., Rh<»nboidal 
qnartz, and indiyisible quartz. 

MadkaU. A chemical term for the Blemetdi of bodies. 

— — — €ompwmd. When the base of an acid is composed of 
two or more substances, it is said that the acid is formed of 
a compawnd radical. The sulphuric acid is formed with a 
simple radical ^ but the vegetable acids, which have radicals 
composed of hydrogen and carbon, are said to be acids with 
compound radicals. It is sometimes called the base of the 
add, but base is a term of more extensive signification. 

Ra$uiditp. The change which oils undergo by exposure to the air. 

Beagenis. Substances which are added to mineral waters ix other 
liquids as tests to discover their nature and oompoation. See 
Gottling's Dewr^ionofa portable CkeMt of ChemUtry^ &c. 
12mo, 1791. 

Healgar, A native m^ieral known also by the name of red orpi- 
ment ; or a red snlphuret of arsenic. 

Receivers. Globular glass vessels adapted to retorts for the pur- 
pose of preservinqg^ and condensing the volatile matter raised 
in distillation. See fig. pi. 

Redification. The re-distilling a liquid to render it more pure, 
or more concentrated, by abstractiDg tkpari of it only. 

Reduction or Revivification. The process of restoring metallic 
oxides to their natural state,^and is usuallly effected by means 
of charcoal and fluxes. 

Refining. The process of separating the perfect metals from 
other metallic substances, by what is called cupellation. 

Refractorjf. A term applied to earths or metals that are either 
infusible, or that require an extraordinary degree of heat to 
change or melt them. 

Refrigeratory. A vessel which, by containing cold water, an- 
swers the purpose of condensing the vapour or gas that 
arises in any process of distillation. A common worm-tub is a 
refrigeratory. 

Registers. Openings in chimneys, or other parts of chemical 
furnaces, with diding doors, to regulate the quantity of at- 
mospheric air admitted to the fire-place, or to open or shut 
the communication with the chimney at pleasure. 

Regulus. A pure metallic substance, freed from all extraneons 
matters. 

Obsj-^ThiB name was introduced by all chemists, who, 
expecting always to find gpold in tiie metal collected at 
the bottom of the crucibles after fusion, called the metal 
thus collected regulus, as containing gold, the king of 
metals. 
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MUfmUkm, A principle wberriiy tiie pvtidei of bodSei«i« pra» 
TOited firam eoaim% Into Mtoal oontAct. It !■ tikniglit to be 
owing to eotorle^ which hns been cnUcd the repnklTe power. 

RuiOmum. Whnt is left fain pot or retort after the relatile pert 
has been drawn off: e. g. Tlie enlplinte of potaih, which re- 
maine hi the pot after the diitiUntion of nitrona ncid, is cnlled 
the raridnmn. It is sonetiBes caDed tlie eatpiil siorfMnn. 

Rmf ir a U e m , Ananimal Amotion, wUdi oonrisls in the altemate 

inhalation of a portion of air into nn organ called the Inngi^ 

and its sabseqnent exhalation. 

06f .--The renons blood which cnlen the Bmp ftom the 

pnhnonarr aiterj, is diarged widi cariNm, to wUdi it 

owes its dark purple oohmr. 

Rmimt, Vegetable Juloes concreted by evapomdon either spon- 
taneooaly or by Are. Their characteristic is solnbilhy la 
alcohol and oO% and not at all in water. 

JMorf. A TCBwl in the shape of a pear, with Ita neekbent down- 
wards, BsedindisHlhitimi} the eztrenity of whidi neck fits 
into that of another Teasel or bottle called a reoelTer. 
O&ff^— The most capadons part of the retort Is called itn 
belly. Ita upper part Is odled the arch or roof of the 
retort, and the bent part Is the neck. See pl. I. fig. 3. 

MUoerberaiorif, An oTcn or fomaoe in which the ftune firam the 
oomboatible Is confined by a dome that occasions it to be 
beat down npon the fioor of the foraaoe before It passes Into 
the chimney. Someareso oontrlTcd that the flame Ismnde 
to return or r e ve r b erate upon the matter under operation. 

BmMJkaikm. See B^dmetkm; terms nearly synonymonsj 
thoogh <* reriTification** is generally used when speaking of 
the reduction of the oxides of mercury. 

RoatHng, A preparatiTe operation In metallurgy to dindpale 
the sulphur, arsenic, &c., with which a mineral may be 
combined. 

Rock^CryHal. CryMalliied riHca. See Fint Umms of Mimgral- 
ogif, 

Saeckoloetaiet^ or MudUi. Salts formed by the combination of 
any base with saocbolactic or mucous add. 

Sai A lembraih. A compound muriate of mercury and ammonia. 

SkU De JhutbmMy > Names originally given to the salt now called 

Sai Pofyckreii^ § sulphate of potuh. 

SailfiabU Baset, Those metals, alkalies and earths capable of 
combining with adds, and forming salts, are thus termed. 

Saliiu. P&rt^ung of the properties of a salt. 

Salndae. A word sometimes used for sal ammoniac. 

iSotfr, Neutral. A class of substances formed by the oomlHnation 
to saturation of an add to an alkali, an earth, or other aalifi- 
ablebase. 

SaUSf Tripie. Salts formed by the combination of an add with 
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two bases or radioabi. The tiurtrate of aoda and. potash 
(ilodielle salt) is an instance of this kind oft^mbiqation. 
Ofov— The term salt has upaaUy been employed to .denote a 
oompound, in definite proportions, of acid mattar^^th 
an alkali, earth or metallic oxide. When the proportioa 
of the constituents is so adjusted that the resulting snb- 
stance]does not affect the colour of the infusion of litmus, 
or red cabbc^e, it is then, called a neutral salt. . When the 
predominance of acid is eviaced by the reddening of these 
infusions, the salt is said to be acidulous, and the prefix 
Muper or Jn is used to indicate this excess of acid. . Wh^i, 
on the contrary, the acid matter is in defect or short of the 
necessary quantity to neutralize the afludinity of the base, 
the salt is then said to be with excess of base, and the 
prefix sub is attached to its name. 

rfS «-«-«• . 

Sandiver, or Glass Qail. A matter, oompoaed of different salts, 
which rises as a pellicle on the surface of the pots in which 
glass is melted. It is used as a flux in the fusi<Hi of ores, and 
for other purposes. 

Sap-Colours. A name given to TariOus expiwtoed vegetable juices 
of a viscid nature^ which are inspissated by. slow evaporation 
for the use of painters^ &c. Sap-green, gamboge, &c., are of 
this class. 

Sitponaceous. A term applied to any substance which is of the 
nature or appearance of soap. 

Saturation, The act of impregpiating a fluid ^th another sub- 
stance, till no more can be received or imbibed. A fluid whldi 
holds as much of any substance as it <ian dissolve, is said to be 
saturated with that substance. A solid may in the same way 
be saturated with a fluid. 

Sebaies, Salts formed by the combination of any base with aebacie 
acid. . 7 . . ' . 

Sdenite, A salt existing in spring water, formed by sulphuric add 
and lime. Its proper chemi^ name is sulphate of tiine. 

J^ftUrM^al^ A name formerly g^iven to those metald which, if ex- 
posed to the fire, are neither malleable, ductile, nor fixed. It 
is now obsolete. 

SiiMCeous Earths. A term used to describe a variety of natoral sub- 
stances composed chiefly of silica ; as quartz, flint, sandy &c. 

SiUcum^ The undecomposable base of rock crystal, or of the earth 
called silica. 

S^mpfle. Substances, See Elements. 

Smelting. The fusing of ores for the purposes of separating the 
metals they contsun, from the sulphur and arsenic with which 
they are mineralized, and also from other heterogeneous 
matter. 
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Somum. TheMteUiebMeorthealksUealtodndft. 
SoiMhaiip. AdumeterkticoriiMMlnlta. See the next wordL 
aphMtm, The perfect ukm of m eolid ■nbiteiioe with a ft«^ 

Salte diHoWed in water are proper eumplee of lolatioD. 
Sp^n, A DMie fomerly giTen to Tarious cryitalUxed etoBea) 

each ea the flacr nr, the adamantine ipar, kc^ whiA are 

new difltiBgaiehed by more ■ppropriate namee. 
Speei/kGrm^, The dcarity or the matter of wUch any body 

u c ompoo ed , compared with the denaty of another, avmaed 

ae the etandard. See page 9. 
9pdUr. The commercial name of metalHe sine. 
Spirii. A term need by the early cheaiiata to denote all Tolatile 

flnida collected by diatiUation. 

A term amde vae of to deacribe audi ardent 
Ita aa areof theaame atrength^aa the brandy 
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or of the apedfic grarity of 0:990, water being 1.000. 
SUUaehiei, Certain concretiona of calcareooa earth foand aaa- 

rded like iddea in yaiUta and caTema. They are formed 
the oozing of water, charged with caleareooa particle^ 
tfaroogfa the crerloei^ and gradaally eraporating, leave thme 
particleabefafaid. 

Stwmtme, Pkvtochlorideoftin. 

Sieam. See Cahrie and Fa^Mwr, pp. 18» 43. 

SimiUM. A mineral oompciaed of ailica, iron, magneria, kc. It 
ia alao called FIvnch chalk, Spaniih chalk, and aoap-rodc 

8iml* A modifloation of iron, of which oar preaent knowledge ia 
not very conciae,notwithatanding the reaearchea of aomeTCfj 
eminent chemiata. 

SHbimm, Antimony. 

SiraiiJUaiiom. A chemical operation by which bodiea are piaoed 
in a condition to act motoally npon each other by being ar- 
ranged layer by layer, atratam aopcr atratom, aa ia pra^iaed 
by metaUurgiata. 

Stnm H um. The nndeoompoaable baae of the earth called Strontitea. 

Sub-salU, Saha with leaa add than ia aoffident to neutraliae 
their baaea or radicala. 

Suberatet. Salta fanned by the combmation of any baae with the 
auberic add. 

SMimat0. A name giren to aome mercurial prqMiationa. 

SMimaHon, A prooem by which certain Tolatile aabetanoea are 
railed by heat, and again oondenaed by cold into a aolid form : 
e.g. Flowera of aolj^nr are made in thia way. The aoot of 
our common Area ia a familiar inatance of thia proceaa. 

Sucetnaiei. Salta formed by the combination of any baae with 
the anodnic add. 

Sugar . The well-known oonatitaent of a yariety of Tegetablea. 
It ia oompoied of oxygen, hydrogen, and cariwn. Seepage 
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SMpkatet, Salts fomied by the combination of any baae with the 
sulphuric acid. 

Si^pJUI«f . Definite compounds of sulphnrous acid with the bases. 

Sulphur. A simple inflammable body, of great importance in 
chemistry and the arts. See page 194. 

Su^hureU. Combinations of alkalies, or metals, with sulphur. 

Sulphuretted. A substance is said to be sulphuretted when it is 
combined with sulphur. Thus we say sulphuretted hy- 
drogen, &c. 

Super-salts. Salts with an excess of acid, as the snper-tartrate of 
potash. See SaltSy Neutral, 

Synthesis. The examination of a body; by dividing it into its 
component parts, it is called analysis ; but when it is attempted 
to prove the nature of a substance by the union of its prin- 
ciples, the operation is called synthesis. 

Syphon. A bent tube used by chemists and other persons for 
drawing liquids frmn one vessel into another. See fig .pi. I. 

Tmnin. One of the immediate principles of vegetables, first dis- 
covered by Seg^in from the gallic acid, with which it had 
been confounded under the name of the astringent principle. 
See page 224. 

7\mning. The process of making leather from the hides of 
animals. 

Tarras or Terras. A volcanic earth used as a cement. 

Tartrates. Salts formed by the combination of any base with the 
acid of tartar. 

Tellureted. A term applied to certain compounds formed by the 
agency of Tellurium. 
Oft*.— Tellurium and hydrogen unite, and produce a gaseous 
compound called tellureted hydrogen gas. It also unites 
by fusion to nearly its own weight of sulphur, produc- 
ing a striated mass of the colour of lead. 

Ten^peraiure. A definite degree of sensible heat as measured by 
the thermometer. 

Tenadtify is a term used when speaking of glutinous bodies. It is 
also expressive of the adhesion of one substance to another. 
See Cohesion. 

Test. The name of whatever is employed in chemical experiments 
to detect the several ingredients of any composition. 

Test-papers. Papers impregnated with certain chemical re- 
agents ; such as litmus, turmeric, radish, &c. They are used 
to dip into fluids to ascertain by a change of colours the inre- 
sence of acids and alkalies. 

nermameter. An instrument to show the relative heat of bodies. 

Fahrenheit's thermometer is that chiefly used in England. 

^(See page 33.) Other thermometers are used in different 

parts of Europe. For the difference in the scale of these ther* 

mometers^ see the Table at pa^ 35. 
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mwal. Cmd* borax; H is inportod firom tlie E«t In^os in 
yellow grttmjr cryiuli. 

TiMlarot. SotntioiHi of lalMtaBCCi in flpiritooiis mfinMtraa. 

Ilii^aM. BiMMth. 

Ibrr^kcHom. AnopentioDdmilartorowtinflr; wUdiiee. 

TViiortefli. A tcokI vied for th^ ■eparBtkm of two IliiidB winch 
wn of dUKerent denritiet. The same operatioD may be per- 
fonned by a coonnon fumiel. 

TrUumNom. Tbe operatHm whereby rabatances are united by 
IHction. Amalgama are made by this metliod. 

TVte afSutfeip, A tube open at both ends, inserted into a re- 
ceiTer, the upper end commnnicates with tbe external air, 
and the lower part inmierBed in water. The intention of thia 
Inatium cnt b to prevent accidents fWxn too sadden condensa- 
tkm or rarefaction daring an operation. It is conmionly called 
Wdter's tube ; and b now more frequently used fai a cinred 

form. 
T^hulaitd. Retorts with a hole at the top for inserting the mate- 
rials to be operated upon without taking them out of the sand 

beat, are called fate/of eil retorts. 
7\mgataiet, Salts formed by the combination of any base with 

tnngstic add. 
TuUmag, An Indian name for zinc. Chinese copper is also called 

by this name, which is a compound of copper, tin, and arsenic, 

much resembling sUrer in colour. 
Vaamm. A space unoccupied by matter. The term is generally 

applied to the exhaustion of atmospheric air by chemical or 

philosophical means. 
Vt^tmr. A term used to denote such exhalations only as can be 

condensed and rendered liquid again at the ordinary atnio8> 

pheric temperature, in opposition to those which are perma- 

nmtlp elastic. See CakriCy page 18, et 9eq. 
VaU. Leurge Teasels, generally of wood, employed for making 

infostons, &c. 
Vegetable ISngdom, For the prindpal products of Tegetation, 

see Svj^ar, page 220, e# Mg. 
Vegetatumy Saline. See Memoir on this subject, in the Jcrnnud 

de Pkyrique for Oct. 1788, by M. Chaptal ; entitled Obser. 

vations on the influence of the Air and light upon the Vege- 

tatiott of Salts. 
Vital Air. Oxygen gas. The empyreal or fire-air of Scheele and 

the dephloglsticated an- of Priestley. See page 107. 
Vitrifleatitm. When certain mixtures of solid substances, such as 

silica and an alkali, are exposed to an intense heat, so as to be 

fused, and become glass, they are then said to be vitrified, or 

to have undergone vitrification. 
Vitriolated Tartar. The old name for sulphate of potash. 
Vitriol; A chuas of substances^ other earthy or metallic, which 
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arc cotnbined with the vitriolic add. Thus, there is titriol 
of lime, vitriol of iron, vitriol of coj^per, &c. These salts are 
now called Sulphates, because the acid which forms them is 
called sulphuric acid. 

VolMile AlhaH. Another natne for atAmonia. See pa^ 66. 

VblaHle Salts. The commercial uanle fbr carbonate of atiimonia. 
See page- 66. 

VohtHH^, A property 6f some bodies which disposes them to 
asBuine the gaseous state. This property seems to b(i owing 
to their affinity for caloric. 

Volume. A term made use of by modem chemists to egress the 
space occupied by gaseous or other bodies. 

VnioUy Chemical, When a mere mixture, of two or more sub* 
stances is made, they are said to be mechanically uliited ; 
but when each of either stibstauces forms a component part 
of the product, the substances have fortned a chemidal union. 

UHulaMm. The roasting of ores, to separate the arsenic, 
sulphur, and whatever else is of a volatile nature that is 
connected with and mineralizes the metal. When the matter 
is preserved which flies ofiT, the process i^ called sublimation \ 
but when this matter is neglected, the operation Is called 
ustulation. 

Wash. The technical term for the fermented lic^tior. Of- what- 
ever kind, from which spirit is intended to be distilled. 

Water. The most common of all fluids, composed of 88 parts of 
oxygen and 11 of hydrogen. 

— — , Mineral. Waters which are impregnated with mineral and 
other substances are known by this appellation, lliese 
minerals are generally held in solution by carbonic, sulphur- 
ic, or muriatic acid. 

- of CrystaXlization. Many salts acquire a certain portion 

of water to enable them to retain the crystalline form, and 

this is called their water of crystallization. 

Ohs. — Some salts retain their water of crystallization so 

feebly, that it flies off on exposure to the air, and they 

fall to powder. These are the efflorescent salts ; others 

have so g^eat an affinity for water, that their crystals 

attract more from the air, in which they dissolve. These 

are the deliquescent. 

Way Dry. A term used by chemical writers when treating of 
analysis or decomposition. By decomposing in the dry way, 
is meant, by the agency of fire. 

J Humid. A term used in the same manner as the foregoing, 

but expressive of decomposition in a fluid state, or by means 
of water and chemical re-agents, or tests. 

Welding Heai. That degree of heat in which two pieces of iron 
or of platinum may be united by harnmering, 

Wo^a$n, An ore of tungsten containing also the oxides of man- 
ganese (thd iron. 
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Worm TSib. A chcinkid TCMel with a pewter worm fixed 
in the intlde, and the intermediate ipace filled with wa- 
ter. Its nae is to cool liqnon during distillation. See 
JitfrigefttioTp. 

Wuif^$ AfpamtuM, A contriTanoe for distilling the minenl 

acids and other gaseous substances with little loss ; con* 

alsting of a train of receivers with safety pipo^ connected 

together by tubes. For a full description of this most useful 

apparatus^ see Pkiiotopkkal TramsaHkms for 1767. 

Zaffn. An oxide of cobalt, mixed with a portion of siliceons 
matter. It is imported in this state from Saxony. 

Xero. The point from which the scale of a thermometer b gra- 
duated. 
JBxj—CtlmvmH and Reanmur^s thermometers haye their 
tero at ihe/reexiMg point, that is, at the point at whidi 
water IVesMs; while the thermometer of Fahrenheit haa 
its lero at that point at which it stands when immersed in a 
mixture of snow and common salt. See Tabie of ike Cor- 
rmpomdtmee of the 7%anmometor$ of FakreHkeU^ Roawmgr^ 
oMd CoUius, in <<Nbw Londoii Mbdicai. ahd Suroicai. 
Dictionary." 

Zireomitm. The pure base of the earth called nreonia. See 
P«ge270. 
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